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TERRESTRIAL  SCIENCES  SUBELEMENT  REVIEW 


April  10,  1978 
Introduction  and  Overview 
By 

Peter  C..  Badgley 
Subelement  Monitor  and  Director 
Arctic  and  Earth  Sciences  Division 


The  review  is  held  in  response  to  a  request  by  the  Chief  of  Naval 
Research  and  is  primarily  a  management  type  review  structured  to  follow 
the  guidelines  which  he  spelled  out  in  his  memo  of  22  December  1977, 
enclosure  (1).  We  have  also  tried  to  provide  an  update  on  the  scientific 
progress  being  made  by  our  programs  and  hope  this  will  be  useful  to  those 
whose  interest  is  more  concerned  with  the  scientific  aspects. 

In  my  introduction  and  overview,  I  shall  be  covering  a  number  of 
items  as  shown  in  enclosure  (2).  I  shall  be  paying  particular  attention 
to  our  scientific  philosophy  and  management  strategy. 


Agenda  for  Briefing:  (Enclosure  (3)) 

Our  Research  Objectives  and  Mission  Statement  are  shown  in  enclosure 
(4).  We  support  research  to  provide: 

•  An  understanding  of  environmental  factors  and  we  support 
research  which  will  lead  to: 

•  Real  time  observation,  interpretation  and  prediction  of 
environmental  factors, 

both  of  which  are  essential  for  our  operational  forces. 


Budget: 

Enclosure  (5)  shows  the  funding  situation  for  this  subelement. 

Although  none  of  these  funds  go  automatically  to  any  of  the  Navy  labora¬ 
tories  or  SYSCOMS,  we  do  fund  some  tasks  in  Navy  laboratories  on  a  selective 
basis.  The  total  amount  of  $9.2  million  for  FY  1979  was  the  OSO/OMB  budget 
submission  to  Congress.  This  Congressional  budget  submission  was  later 
revised  to  $8,9  million  as  shown  in  enclosure  (6)  to  allow  for  the  Defense 
Science  Engineering  Program  (DSEP).  We  hope  to  get  some  of  this  reductior 
back  to  support  items  which  we  recommend  under  this  D.S.E.P.  Program. 
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Enclosure  (6)  also  shows  how  the  funding  is  allocated  to  the  individual 
programs  of  this  subelement. 


Funding  Problem: 

Dr.  Johnson's  review  of  our  Arctic  Program  will  note  that  in  response 
to  both  scientific  and  strategic  concerns  virtually  all  of  our  Arctic 
research  in  FY  1979-81  will  be  focused  in  the  eastern  Arctic.  The  $5,168 
million  shown  for  FY  1979  (Arctic  Program)  includes  the  resources  required 
to  support  our  investigations  in  the  eastern  Arctic.  The  Naval  Arctic 
Research  Laboratory  at  Barrow  is  poorly  located  geographically  to  support 
these  eastern  Arctic  field  efforts,  in  a  cost  effective  manner.  It  is 
hoped,  therefore,  that  the  winding  down  of  NARL  to  some  reduced  level 
will  not  affect,  by  diversion  of  scarce  6.1  research  dollars,  the  vital 
eastern  Arctic  efforts. 


Scope: 

The  scope  of  this  subelement  is  shown  in  enclosures  (7)  and  (8). 
Enclosure  (7)  shows  the  relationship  of  the  Terrestrial  Sciences  subelement 
to  other  parts  of  the  environmental  sciences.  You  will  note  in  enclosure 
(7)  that  we  cover  the  air-sea-land  interface  region  in  the  coastal  regions 
and  we  cover  the  land-air-ice-sea  interface  zones  in  the  Arctic.  The 
Environmental  Factors  Program  that  Mr.  Joiner  will  describe  later  involves 
research  that  relates  not  only  to  the  Arctic  and  Coastal  Environments, 
but  also  has  some  concerns  for  the  air-sea  interface  and  the  ionosphere- 
earth  wave  guide.  Enclosure  (8)  shows  the  major  subject  areas  covered  in 
the  Terrestrial  Sciences  Subelement. 


Rationale  for  Subelement: 

The  reason  for  this  subelement  is  indicated  in  enclosure  (9).  Environ¬ 
mental  factors  are  very  important  for  many  types  of  Navy  and  Marine  Corps 
operations,  as  we  all  recall  from  the  D-Day  and  other  operations  of  World 
War  II.  As  shown  in  enclosure  (10),  you  will  note  that  there  is  still: 

•A  very  limited  knowledge  of  the  critical  environmental  and 
geophysical  factors  in  the  eastern  Arctic  and  Marginal  Ice 
Areas. 

•A  very  limited  submarine  detection  capability  in  both  of 
these  Arctic  regions  and  in  the  shallow  waters  of  the 
continental  shelves. 


In  the  bottom  line  in  enclosure  (9)  you  will  note  that  I  stress  the  importance 
of  selecting  the  most  pertinent  variables  to  measure.  Enclosure  (11) 


amplifies  this  point.  In  the  left  hand  column  are  summarized  those 
parameters  that  can  have  a  significant  impact  on  the  success  or  failure  of 
various  coastal  missions.  The  numbers  in  the  vertical  columns  signify  the 
degree  of  impact  which  these  parameters  will  have  on  the  success  or  failure 
of  a  mission  if  they  are  ignored.  It  is  important  to  be  able  to  measure 
and  predict  those  parameters  which  are  critical  for  particular  missions. 

In  many  missions  a  great  number  of  these  parameters  are  important,  and 
developing  prediction  models  which  will  handle  all  of  these  variables  is 
one  of  the  major  tasks  of  our  coastal  researchers. 


Scientific  Needs  of  Program: 

In  enclosure  (9),  you  will  note  that  we  have  a  number  of  important 
scientific  needs  if  we  are  to  conduct  this  research  program  successfully. 

We  must  understand  the  major  driving  forces  of  the  environment.  The  most 
important  of  these  driving  forces  is  the  atmosphere  and  we  must  understand 
its  relation  to  ice,  to  land  and  to  the  sea  surface. 

The  impact  of  the  atmosphere  on  coastal  parameters  is  shown  dramatically 
in  the  simple  model  in  enclosure  (12).  Note  that  the  wave  patterns,  coastal 
currents  and  wind  directions  in  a  coastal  region  are  in  a  state  of  almost 
continuous  change  as  a  front  passes  through  a  region.  In  Western  Europe, 
we  have  storm  fronts  passing  across  the  European  coasts  about  twice  each 
week.  If  we  do  not  understand  these  environmental  processes  and  inter¬ 
relations,  then  it  is  impossible  to  make  accurate  predictions  for  either 
strategic  or  tactical  purposes. 


Technical  Needs  of  Program: 

In  addition  to  these  scientific  needs,  there  are  a  number  of  technical 
needs  in  enclosure  (13)  that  we  must  be  concerned  about  in  the  environmental 
sciences  if  we  are  going  to  be  able  to  produce  research  products  of  value 
to  the  Navy  and  Marine  Corps. 

In  the  basic  research  arena,  we  are  concerned  most  with  the  last  two 
items  indicated,  namely  converting  the  signals  measured  by  instruments  in 
the  field  rapidly  into  meaningful  geophysical  parameters  and  getting  this 
information  rapidly  into  displays,  charts  or  prediction  models. 


Key  Scientific/Technoloqy  Areas; 

In  conducting  this  research  program,  we  are  conce'^ned  with  several 
key  scientific  and  technology  areas  as  shown  in  enclosure  (14).  I  shall 
say  a  few  words  about  the  first  two  of  these  areas,  to  give  you  some  views 
on  their  current  status.  You  will  be  hearing  about  other  items  in 
enclosure  (14)  from  later  speakers. 
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Remote  Sensing: 

An  abbreviated  statement  of  the  current  status  of  remote  sensing  as 
it  relates  to  the  Navy  and  Marine  Corps  is  shown  in  enclosure  (15).  The 
civilian  agencies  are  doing  a  great  deal.  It  is  important  for  us  to  select 
those  areas  that  are  most  critical  to  the  Navy.  Some  of  the  remote  sensing 
research  areas  that  we  feel  are  important  for  our  program  are  shown  in 
enclosure  (16). 


Prediction  Models: 

With  enclosure  (12),  which  was  presented  earlier,  I  mentioned  that  it 
is  important  for  us  to  be  able  to  develop  prediction  models  which  can  fore¬ 
cast  the  changes  which  occur  frequently  in  nature. 

Enclosures  (17)  and  (18)  give  you  several  examples  of  the  geophysical 
prediction  models  that  are  now  being  worked  on  by  our  researchers.  These 
are  tough  problems  and  take  a  number  of  years  to  perfect.  They  are  in 
various  stages  of  development  at  this  time.  A  major  portion  of  our  research 
effort  in  this  subelement  is  concerned  with  the  development  and  perfection 
of  such  prediction  models  and  getting  them  transferred  into  operational  use. 


Management  Philosophy  and  Strategy: 

Our  management  philosophy  and  strategy  are  shown  in  enclosures  (19), 

(20)  and  (21).  In  particular,  we  try  to  capitalize  on  new,  exciting  and 
innovative  scientific  research  opportunities  which  could  have  important 
value  to  the  Navy.  We  also  continue  to  support  a  number  of  broad  fundamental 
projects  which  can  yield  many  end  products. 

Some  of  the  new  thrusts  initiated  in  the  past  year  are  shown  in  enclosures 
(22)  and  (23).  You  will  note  also  that  we  are  working  on  several  multi¬ 
national  cooperative  projects  and  the  location  of  these  and  other  important 
field  projects  that  we  have  planned  or  are  fostering  are  shown  in  enclosure 
(24).  I  should  also  emphasize  that  we  are  involved  in  collaborative  research 
with  other  disciplines  within  ONR,  NRL  and  other  parts  of  the  Navy  as  shown 
in  enclosure  (25). 


Upcoming  Opportunities: 

Some  of  the  opportunities  we  hope  to  exploit  in  the  near  future  are 
shown  in  enclosure  (26). 

The  North  Sea  Experiment,  which  will  be  described  in  greater  detail 
later  by  Mr.  Oolezalek,  represents  a  major  opportunity  for  ONR.  It  has 
some  thirty  investigator  teams  from  eight  countries.  We  hope  to  support 
the  involvement  of  several  key  U.S.  scientists  in  this  experiment.  The 
opportunities  in  the  eastern  Arctic  are  equally  important. 


DoD  Benefits: 


Some  of  the  expected  benefits  we  expect  for  the  Navy  and  DoD  over  the 
next  decade  are  shown  in  enclosure  (27). 
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DEPARTMENT  OF  THE  NAVY 

OFFICE  OF  NAVAL  RESEARCH 
ARLINGTON.  VIRGINIA  22217  ,n  ncplv  iicfik  tc 

f  2  DEC  1977 


From:  Chief  of  Naval  Research 

To:  Distribution  List 

Sub j :  ONR  Internal  Review  of  6.1  Subelement  and  6.2  Thrust  Areas 

Enel:  (1)  Review  Schedule 

1.  The  purpose  of  this  memorandum  is  to  schedule  a  series  of  internal 
reviews  in  support  of  FY  79  program  decisions.  The  reviews  will  cover 
the  individual  6.1  subelements  and  ONR  6.2  thrust  areas.  They  will 
each  be  conducted  during  one  day,  as  scheduled  in  enclosure  (1),  be¬ 
ginning  on  6  February  1978. 

2.  The  reviews  will  be  held  at  NRL,  commencing  at  0900  on  scheduled 
days.  ONR  Code  lOOP  will  be  the  ONR  focal  point  for  all  facility  and 
visual  aid  matters.  Subelement  monitors  are  requested  to  contact  Code 
lOOP  at  least  a  week  in  advance  with  any  requests  for  special  arrangements 
and  with  a  list  of  attendees. 

3.  Tlie  reviews  should  strive  for  an  atmosphere  of  Informality,  involving 
both  speakers  and  audience,  and  hence  should  allow  ample  time  for  dis¬ 
cussion.  To  promote  such  informality  and  to  focus  on  Issues,  the  par¬ 
ticipation  by  outside  offices  should  be  limited;  although  appropriate 
representatives  from  ASN(R,E&S),  Op-987,  NAVMAT-08,  SYSCOM  03  staffs,  in 
addition  to  NRL,  NORDA  and  ONR  Branch  Offices,  should  be  included.  Sub¬ 
element  monitors  will  be  responsible  for  inviting  outside  participation. 

A.  In  view  of  the  anticipated  background  of  the  audiences,  the  reviews 
should  concentrate  on  substantive  issues  rather  than  lengthy  and  compre¬ 
hensive  project  descriptions.  Key  questions/topics  to  be  addressed  are: 

(a)  Subelement  or  Thrust  Area  philosophy,  objectives,  scope  and 
selected  priority  problems  and  Issues  in  need  of  management 
attention. 

(b)  For  each  Program/Project  subarea  discuss: 

(1)  How  does  the  program  fit  within: 

•  Navy  needs 

•  ONR 

'  Total  Navy  and  other  R&D  efforts 

(2)  What  are  the  key  research  and  technological  subareas  to 
which  the  naval  audience  should  be  alert? 
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Enclosure  (1) 


Sub j :  ONR  Internal  Review  of  6.1  Subelement  and  6.2  Thrust  Areas 


(3)  How  does  the  transitioning  from  program  accomplishment 
to  naval  utility  work,  what  might  such  transitioning 
lead  to? 

(4)  What  are  outstanding  management  problems  or  issues? 

5.  It  is  requested  that  Project,  Subproject  and  Task  Area  documentation, 
e.g.  1634's,  be  distributed  to  ONR  Invitees  one  week  prior  to  the  review. 

6.  The  ONR  point  of  contact  for  further  information  is  Dr.  Robert  J. 
Lundegard,  ONR  Code  102. 


R-  K.  Geiger 
Rear  Admiral,  USN 


Enclosure  (3) 


Environmental/Geophysical  Factors  are  Extremely 
Important  for  Many  Types  of 
Navy/Marine  Corps  Operations 
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FY79  OSD/OMB  BUDGET  SUBMISSION 


All  dollar  figures  are  in  Thousands 
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OPERATIONAL  SENSITIVITY  (O  S.)  OF  NAVAL  WARFARE  AREAS  TO  ENVIRONMENTAL  FACTORS  (E.F.^ 

- WARFARE  AREAS  - 

Base/  Air 

Sirat  Surf  AMP  Mine  Spec  Lof  Harb  Air  Recce.  O.S. 


ENVIRONMENTAL 
FACTORS  SEGMENT 

Wrf 

Wrf 

P/ASW** 

1 - 

Wrf  Wrf  Wrf 

-INSHORE  WARFARE 

Ops 

Sup 

- 1 

Wrf 

&  Surv 

Sum's 

Visibility 

A.O,L/S/A 

2 

3 

1  2 

4 

4 

4 

3 

0  1 

4 

4 

30 

E.  M.  Prop. 

A.I.EC 

4 

4 

2 

3 

2 

0 

3 

1 

4 

4 

27 

Wind 

A 

2 

2 

2 

2 

0 

0 

2 

2 

1 

0 

II 

Surf.  Waves 

L/S/A.  0 

2 

3 

3 

4 

4 

4 

4 

4 

0 

0 

28 

Currents 

L/S/A.  0 

0 

1 

0 

4 

3 

4 

4 

3 

0 

0 

19 

Tides 

L/S/A 

0 

0 

0 

4 

4 

3 

4 

3 

0 

0 

18 

Ice.  Icing 

L/S/A.  S/A 

4 

3 

4 

4 

3 

2 

3 

2 

0 

2 

27 

Trafficability 

L/S/A 

0 

0 

0 

4 

0 

0 

4 

1 

0 

0 

9 

Bathymetry 

L/S/A.O 

2 

2 

2 

4 

3 

2 

4 

3 

0 

0 

22 

Sound  Prop. 

0 

3 

2 

4 

2 

2 

0 

2 

0 

3 

4 

22 

Int.  Waves 

0 

3 

0 

4 

0 

1 

0 

0 

0 

0 

0 

8 

Layer  Depth 

0 

3 

2 

4 

0 

0 

0 

0 

0 

0 

0 

9 

Magnetics 

EC. 

3 

0 

3 

0 

3 

0 

0 

1 

0 

3 

13 

Gravity 

E.C 

3 

0 

1 

0 

1 

0 

0 

0 

0 

0 

5 

Elec.Haivds 
Env.  Catas¬ 

A,  S/A 

4 

3 

0 

2 

0 

0 

2 

1 

3 

3 

18 

trophies* 

TOTALS 

A.SA.LSA.EC 

_0 

35 

_4 

29 

_0 

31 

_4 

41 

_4 

34 

4 

23 

_4 

39 

_4 

25 

16 

_|^ 

21 

26 

I  3  lonosphtfe.  A  3  Atmosphere,  L/S/A  3  Land/Sea/Air  Interface.  S/A  3  Sea/Air  Interface,  0  3  Ocean, 

EC  3  Earth's  Coast 

I,  2,  3.  A  3  Little.  Minor,  Modeiate,  Ma)or  influences  on  operations  if  ignored 

*  Environmental  Catastrophies  includes  hurricanes.  Tsunamis.  Earthquakes  of  infrequent  but  severe  nature 
**  Includes  Shallow  Water  Submarine  Warfare 


This  figure  shows  why  the  environment  is  so  important  for  Marine  Corps 
operations.  Environmental  factors  are  listed  in  the  left  hand  column 
and  the  numbers  1,  2,  3,  4  represent  increasing  degrees  of  influence 
which  the  environment  factors  exert  upon  the  various  warfare  areas.  For 
example,  if  we  were  to  ignore  longshore  currents  in  an  amphibious 
operation,  this  could  cause  a  major  detrimental  influence  upon  the 
success  of  such  an  operation. 
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Enclosure  (11) 


Bpf  BAROMETRIC  PRESSURE  ^WINO  mph  BREAKER  AMCIE  I  CURRENT 


Changes  in  Waves,  Wind,  Currents,  etc.  Resulting  from  Passage  of 
Storm  Front  Through  a  Coastal  Area 

The  ultimate  objective  of  ONR's  various  Remote  Sensing  Programs 
vis-a-vis  inshore  warfare  activities  is  to  be  able  to  provide  near  real 
time  observations  or  up-to-date  tactical  predictions  of  such  coastal 
environmental  factors  as  longshore  currents,  wind  and  breaker  direction 
and  Intensity,  visibility,  etc.  In  this  example  we  note  that  these 
factors  are  In  a  state  of  almost  continuous  change  with  the  passage  of 
a  major  frontal  system  through  a  coastal  region.  One  of  ONR's  major 
objectives  Is  to  develop  a  capability  to  monitor  and  predict  In  real 
time,  changes  In  coastal  conditions  throughout  the  world  from  a  few 
strategically  located  positions. 


20 


Enclosure  (12) 


Enclosure  (13) 


KEY  TECHNOLOGIES  IMPORTANT 
FOR  THE  EARTH/TERRESTRIAL  SCIENCES 


ENCLOSURE  (15) 
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I.  INTRODUCTION 


The  prime  objective  of  the  Arctic  Program  is  to  stimulate  and  manage 
a  research  program  that  keeps  pace  with  operational  needs  and  known 
technology  gaps. 

Research  is,  therefore,  required  to  acquire  the  environmental  infor¬ 
mation  that  is  essential  for  optimizing  submarine/antisubmarine  detection 
and  interdiction  techniques  in  the  Arctic  Ocean  and  its  approaches  from 
the  Atlantic  and  Pacific  Oceans.  Additional  objectives  are  to  improve 
ice  forecasting  and  climatologic  predictions,  long  range  communications, 
and  the  efficiency  of  potential  Arctic  amphibious,  air,  and  surface  opera¬ 
tions,  Arctic  construction,  and  human  adaptability  to  the  Arctic  environment. 

Strategic  Importance 

During  the  1950s  and  1960s  the  principal  justification  for  support  of 
ONR's  research  and  development  in  the  Arctic  Ocean  was  its  possible 
significance  as  a  frontier  with  Russia  and  as  a  scene  of  military  operation 
(over-the-pole  manned  bomber  threat).  The  growth  of  the  USSR  icebreaker 
fleet  and  the  recent  Soviet  demonstrated  capability  to  launch  ICBMs  from 
submarine  platforms  in  the  Arctic  lends  renewed  significance  to  these 
earlier  fears.  Additionally,  the  freedom  of  access  to  the  Arctic  Ocean 
from  the  Atlantic  Ocean  is  being  challenged  by  the  Soviets  as  well  as  the 
right  of  innocent  passage. 

Recent  economic  developments  have  added  another  reason  for  the 
strategic  importance  of  the  Arctic.  Its  potential  as  a  waterway  to  support 
exploitation  of  petroleum  and  as  an  area  of  off-shore  petroleum  production 
has  drastically  changed  its  importance  and  the  requirements  for  protecting 
U.S.  presence  there.  Long-term  Navy-supported  geophysical  studies  indicate 
that  the  U.S.  Alaskan  North  Slope,  and  offshore  continental  shelf  probably 
contain  substantial  petroleum  reserves.  These  developments  pose  strategic 
considerations  of  increased  concern  to  the  Navy  in  its  function  of  protecting 
U.S.  interests  and  property  in  this  area. 

Tactical  Importance 

In  regard  to  Naval  tactics  the  Arctic  Basin  is  unique  --  millions 
of  square  miles  of  tumbled  ice,  churned  constantly  by  the  wind,  with  new 
open  leads  and  new  pressure  ridges  in  a  constant  state  of  flux.  Compared 
with  other  regions,  weather  conditions,  although  varying  between  wide 
seasonal  extremes,  are  remarkably  uniform  and  predictable  over  vast  areas. 

To  the  fleet,  these  operating  conditions  demand  drastic  revision 
of  normal  procedures.  The  tumbled  pressure  ridges  crisscross  the  surface 
and  impede  travel  on  and  under  the  pack  ice,  but  they  also  provide  conceal¬ 
ment  from  prying  radar  and  sonar.  Every  natural  environmental  factor. 
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from  the  unpredictable  ionosphere  to  the  uncharted  rugged  floor  of  the 
Arctic  Sea,  suggests  possible  advantages  as  well  as  handicaps. 

The  Arctic  Program  is  atypical  in  ONR  since  it  is  an  area  program 
and  involves  many  disciplines  (atmospheric  physics,  sea  ice  physics, 
geography,  coastal  hydrodynamics,  acoustics,  cold  region  adaptation  and 
construction  problems,  etc.).  The  area  involved  is  that  region  north 
of  the  Arctic  Circle  and  the  Marginal  Ice  Zone  (MIZ)  which  is  the  area 
itrmediately  adjacent  and  contiguous  to  the  Arctic  Ocean  which  has  an 
annual  ice  cover.  The  boundary  between  these  two  areas  is  imperceptible 
and  not  fixed  in  time  and  space.  The  Arctic  Basin,  as  defined,  is  about 
five  million  square  kilometers  in  area.  The  Seas:  Kara,  Laptev,  New 
Siberia,  Chukchi  as  well  as  parts  of  Bering,  Barents,  Labrador,  Norwegian, 
and  Greenland  Seas,  parts  of  Davis  and  Denmark  Straits,  the  straits,  bays 
and  gulfs  of  the  Canadian  Archipelago,  part  of  the  Gulf  of  St.  Lawrence, 
Baltic  Sea,  and  the  northern  end  of  the  Sea  of  Japan.  It  is  our  purpose 
to  understand,  predict  and  ultimately  make  an  effort  to  control  this 
environment  for  our  use. 


II.  PRINCIPAL  THRUSTS 

1.  Determine  various  Arctic/Marginal  Ice  Zone  Arctic  Environmental 
parameters  (biologic  productivity,  sediments,  coastal  processes,  sea^ 
ice,  water  masses  and  currents,  air-ice-sea  interactions)  for  potentral 
effect  upon  weapon  systems  and  ASW/USW  operation. 

2.  Crustal  Geophysical /Geodesy .  Determine  Arctic  potential  field  and  • 
the  control  1  ing  crustal  processes  for  use  in  ASW/Vertical  Deflection  and 
surveillance  purposes. 

3.  Determine  the  Acoustic  characteristics  of  the  Arctic  in  support  of 
naval  operations. 

4.  Investigate  the  potential  for  Remote  Sensing  in  support  of  environmental 
forecasting,  ASW/USW  in  Arctic  areas. 

5.  Environmental  Models.  Develop  prediction  capabilities  for  major  water 
and  ice  movements,  ice  growth  and  decay,  climatology,  etc.,  under 
influence  of  various  atmospheric  and  oceanographic  stresses  for  use  in 
supporting  fleet  operations. 

Program  Components 

Description:  Empirical  studies  are  a  necessary  first  step  for  the 
determination  of  the  effects  of  the  Arctic  environment  of  naval  operations. 
Due  to  the  remoteness  and  harsh  climate,  knowledge  of  many  aspects  of  the 
environment  such  as  the  dynamics  of  the  upper  water  masses,  is  still  in 


a  rudimentary  stage.  For  example,  the  distribution  of  ice  thickness  is 
almost  totally  unknown. 


Prediction:  Once  a  sufficient  data  base  is  acquired,  models  can  be 
constructed  and  a  predictive  capability  will  become  a  reality.  Crude 
ice  dis.tribution  and  thickness  models  have  been  constructed.  Urgently 
req'uired  are  models  of  the  upper  layers  of  the  Arctic  water  mass  for  the 
submarine  fleet  and  weapon  systems. 

Control :  Control  or  utilization  of  the  environment  is  the  ultimate 
goal  of  the  program.  At  the  present  time,  we  are  well  removed  from  this 
goal . 


Funding 

A  summary  of  the  funding  of  the  principal  thrusts  of  the  Arctic  Program 
is  shown  in  Figure  1  by  total  percent  effort  and  funding  trends  from  FY  77 
through  FY  79  in  thousands  of  dollars.  Emphasis  is  shifting  toward  modeling 
efforts,  acoustics,  and  remote  sensing.  Due  to  probable  wind  down  of  NARL 
activities,  logistic  support  has  been  integrated  in  the  thrust  budgets  for 
FY  79  under  the  assumption  that  support  will  come  from  various  contractors. 
Figure  2  shows  the  breakdown  of  the  allocation  of  CRP  funds  to  various 
research  organizations. 


III.  DESCRIPTION  OF  MAJOR  PROGRAM  THRUSTS 
EFFECTS  OF  ARCTIC  EfiVIRONMENT 

The  objective  of  this  thrust  is  to  develop  capabilities  to  identify 
those  environmental  factors  that  can  support  or  degrade  Navy  operations 
in  ice-covered  v;aters  whether  they  be  nearshore,  surface,  subsurface,  or 
air.  We  must  know  the  effects  of  various  Arctic  and  MIZ  parameters  upon 
active  and  passive  surveillance  systems,  upon  submarine  navigation,  target 
acquisition,  weapons  guidance,  and  communications.  We  must  understand  the 
nature  and  distribution  of  ice  movement,  of  ice  roughness,  of  thermal 
cracks,  of  ice  deformation  features,  of  biologic  populations,  coastal 
processes,  and  marine  sediments.  Significant  scientific  problems  are: 

(1)  distribution,  origin,  and  composition  of  Arctic  aerosols;  (2)  cryosphere 
paleocl imatology ;  (3)  dynamics  of  Arctic  mixed  layer;  (4)  coastal  and 
water  mass  dynamics  of  fjords,  and  (5)  topside/bottomside  ice  relationships. 

Climatology  and  Meteorology 

(A)  Objectives: 

Determine  the  effect  on  the  Arctic  and  global  climate  of  various 
environmental  parameters  in  the  Arctic  region.  This  is  a  diverse  effort 
covering  paleocl imatology  from  sediment  cores,  CO2  exchange  rates  between 


ice  and  the  atmosphere,  heat  fluxes  from  the  ocean  and  ice,  stratus 
clouds  and  the  Arctic  haze  layers.  Much  remains  to  be  learned  about  the 
vertical  and  horizontal  heat  fluxes,  regional  and  mesoscale  air-sea 
transport  of  gases,  and  the  effect  of  gases  on  other  physical,  chemical, 
and  biological  systems  in  the  sea.  These  facets  of  the  environment  all 
affect  the  ice  cover  which  is  of  paramount  importance  to  Arctic  operations. 
The  polar  regions  provide  a  unigue  phenomena  by  the  presence  of  sea  ice 
which  traps  gases.  Gas  composition  and  transport  within  the  sea  ice  may 
be  highly  time  dependent  and  effected  by  changes  in  air  temperature, 
pressure,  biological  productivity,  and  partial  pressure  of  gases  dissolved 
in  the  sea. 


Physical  Oceanography 
(A)  Objectives: 

This  program  is  focused  toward  direct  current  measurements  and 
water  mass  analyses  to  elucidate  the  vertical  and  horizontal  fluxes  and 
energy  through  the  Arctic  Ocean.  Of  prime  importance  is  a  complete 
understanding  of  those  processes  in  the  Arctic  mixed  layer  which  determine 
the  density  and  velocity  structure  of  the  upper  300  m.  Varying  environmental 
conditions  such  as  open  leads,  formation  of  new  ice,  pressure  ridges,  and 
storms  all  effect  the  underlying  water  masses  and  fluxes  of  mass  and  energy. 


Ice  Physical  Properties 
(A)  Objectives; 

The  objective  is  to  determine  mechanisms  of  thrust  faulting  in 
sea  ice,  modes  of  formation  of  pressure  ridges  and  quantify  frictional 
drag;  to  determine  loading  and  freezing  characteristics  of  sea  ice  for 
runway  construction;  and  quantify  ice  thickness  distribution  and  relation 
between  surface  and  bottom  roughness. 


Geologic  Processes 
(A)  Objectives: 

This  field  of  research  covers  a  wide  field  of  investigations 
ranging  from  permafrost  to  deep  water  sediment  types.  Arctic  coastal 
studies  are  directed  toward  engineering  properties  and  dynamic  processes 
of  sedimentation  on  the  Alaskan  continental  shelf.  Drillings  on  the  Alaskan 
shelf  have  been  completed  to  determine  the  extent  and  physical  charac¬ 
teristics  of  marine  permafrost.  Arctic  Basin  sediments  are  being  studied 
for  physical  properties.  A  chart  of  sediment  types  of  the  Arctic  Basin 
'•as  been  constructed  for  use  by  the  acousticians. 


CRUSTAL  GEOPHYSICS/GEODESY 
(A)  Objectives: 

The  objective  of  this  research  field  is  to  gain  an  improved 
understanding  of  the  variations  in  gravity  and  magnetic  potential  fields 
in  the  Arctic.  This  thrust  is  directed  toward  defining  the  location  of 
major  gravity,  magnetic  and  bathymetric  anomalies,  determining  the 
relationship  between  the  potential  field  variations  and  the  geological 
structure  of  the  Arctic  Ocean  floor,  applying  the  knowledge  gained  to 
the  prediction  of  trends  and  amplitudes  of  these  anomalies  in  unsurveyed 
areas.  The  significant  scientific  problem  is  origin,  structure  and 
history  of  the  Arctic  Basin  and  predictability  of  bathymetry  and  gravity 
and  bathymetry  from  aeromagnetics. 


ACOUSTICS 


(A)  Objectives: 

This  thrust  is  directed  toward  determination  of  the  acoustic 
signature  of  the  Arctic.  Most  other  Arctic  scientific  elements  such  as 
understanding  of  ocean/ice  dynamics,  ocean  floor  characteristics  and 
ambient  noise  distribution  are  limiting  environmental  factors  to  the 
Arctic  acoustic  signature,  and,  therefore  significant  contributors  to 
the  acoustic  program.  For  example,  the  design  of  surveillance  equipment 
requires  knowledge  of  the  properties  of  propagation  and  the  ambient  noise 
field.  Development  of  useful  models  for  acoustic  prediction  requires  not 
only  acoustic  data  but  also  environmental  data  of  the  underwater  medium 
and  its  boundaries.  Investigators  are  using  existing  acoustic  and  environ 
mental  data  to  improve  and  develop  acoustic  models  for  quantitatively 
understanding  and  predicting  characteristics  of  propagation  and  ambient 
noise.  Significant  scientific  problems  are  the  effect  of  the  Arctic 
environment  (bottom,  water  structure,  ice)  on  the  acoustic  signal,  and 
signal  coherence  both  temporally  and  spatially. 


REMOTE  SENSING 
(A)  Objectives: 

The  objective  of  this  orcgrani  is  tu  utilize  remote  sensing  to 
monitor  natural  ice  and  ice  phenomena  in  the  Arctic  to  obtain  Ice  signatures 
.jdLermine  ice  characteristics  and  dynamics  to  permit  mathematical  modeling 
ot  the  ice  '..hich  will  lead  to  ice  and  weather  forecasting  capabilities. 

hemote  sensing  'r  t>-..  "retie  is  still  in  the  sLaye  oT  reyuirinq 
g*'Oijnd  truth  measurement re  the  natural  phenomcria  to  tin;  >c-ceivt-i. 

imanerv,  heeded  is  capab’ ' ’tv  collect  the  foll'">'ini,;  i  r’ ;ticn  : 


(1)  Sequential  imagery  which  can  be  used  in  conjunction  with 
other  available  information  to  define  ice  drift  and  deformation.  (Pressure 
ridges,  rafting,  size  and  location  of  leads,  polynas). 

(2)  Direct  measurement  of  ice  thickness. 

(3)  Direct  determination  of  ice  types  and  the  physical  state 
of  each  type.  (Concentration,  age,  electrical  properties). 

(4)  Top  and  bottom  roughness  of  the  ice  pack. 

The  significant  scientific  problem  is  the  relation  between  the 
remote  sensing  signature  and  ice  physical  characteristics. 


ENVIRONMENTAL  MODELS 


(A)  Objectives: 

The  objective  of  this  major  thrust  is  to  develop  predictive 
models  of  ice  distribution,  growth,  decay,  thickness  and  wave  damping  as 
a  function  of  air  temperature  as  dictated  by  the  dynamic  Arctic  environment 
and  how  the  ice  growth,  heat  balance  and  salt  rejection  are  influenced  by 
the  thickness  of  the  ice  and  the  state  of  the  surface.  The  near-term  goal 
of  this  program  is  to  develop  a  complete  thermodynamic-dynamic  sea  ice 
model  which  has  adequate  coupling  to  the  atmosphere  and  ocean  to  allow 
detailed  simulation  and  prediction  studies  to  be  carried  out.  Acoustic 
models  are  covered  under  the  acoustic  section. 


IV.  RELATIONSHIP  TO  OTHER  PROGRAMS 

(A)  Interface  Within  ONR 

It  is  considered  vital  to  the  program  to  utilize  the  in-house 
expertise  within  ONR  in  management  of  the  CRP  program.  Figure  3  illustrates 
the  active  interface  within  ONR. 

(B)  Navy  Laboratories 

Figure  4  delineates  active  program  interaction  with  Navy 
laboratories.  Programmatically,  it  is  considered  of  great  value  to  interact 
with  Naval  centers  of  excellence  to  ensure  a  relevant,  dynamic  program. 

(C)  Interagency 

Where  possible,  active  interaction  with  the  operational  Navy  is 
carried  out.  Figure  5  lists  the  most  prominent  areas  of  active  interface. 
Additionally,  research  programs  are  interfaced  on  a  classified  level  with 
Arctic  submarine  ice  exercises. 


(D)  International 

Interface  with  both  DoO  and  in  the  interagency  arena  is 
outlined  in  Figure  6,  and  on  the  international  front  in  Figure  7. 


V.  PROGRAM  RELEVANCY 

Figure  8  outlines  those  areas  in  which  program  thrusts  and  sub-thrusts 
are  addressing  Naval  operational  requirements  as  stated  in  the  Five-Year 
Arctic  Planning  Guide. 


VI.  TECHNOLOGY  TRANSFER 

A  research  program  does  not  serve  its  ultimate  purpose  unless  the 
great  volume  of  collected  basic  research  knowledge  is  transferred  in  a 
useable  form  to  the  operators. 

One  mechanism  for  this  transfer  was  the  establishment  of  a  Chair 
in  Arctic  Marine  Science  at  the  Naval  Postgraduate  School  in  Monterey.  The 
purpose  of  this  Chair  is  to:  0)  conduct  research  into  problems  in  the 
Arctic  that  are  of  interest  to  the  Navy,  (2)  translate  the  growing  basic 
research  results  into  operational  Navy  products,  (3)  foster  an  interest  in 
the  Arctic  among  naval  officers,  (4)  to  "spotlight"  the  Navy's  growing 
interest  in  the  Arctic. 

There  are  numerous  research  problems  having  Navy  application  that 
this  Chair  is  addressing.  The  prime  area  of  transfer  at  this  time  is  that 
body  of  data  resulting  from  the  Arctic  Ice  Dynamics  Joint  Experiment  (AIDJEX). 
The  Chair  presently  has  a  student  translating  the  AIDJEX  model  into  the 
Naval  Environmental  Prediction  System  through  NEPRF  and  FNWC.  Figure  9 
outlines  the  major  technology  transfer  presently  occurring. 


VII.  AREAS  OF  SPECIAL  INTEREST 

The  eastern  Arctic  is  of  especial  interest  to  the  program  for  the 
following  reasons: 

(1)  The  area  is  largely  unknown  to  western  scientists; 

(2)  There  is  no  data  available  to  western  scientists  on  the  structure 
and  dynamics  of  the  Transpolar  Current  since  Nansen's  work  in  1893-96; 

(3)  Geophysical  data  are  required  to  validate  aeror...;unetics ; 

(4)  Acoustic  propagation,  ambient  noise  and  reverberation  are  unknown. 
To  address  this  problem,  a  number  of  field  exercises  are  being  planned. 


(A)  Marginal  Ice  Zone  (MIZ) 


•  Location:  At  the  edge  of  the  marginal  ice  zone  seaward 
of  Mestersvig,  East  Greenland  (See  Figure  10). 

•  Time  Frame:  June  -  August  1978 

•  Investigators: 

Dr.  Peter  Wadhams,  Scott  Polar  Institute  Cambridge, 
England 

Dr.  Preben  Gudmandsen,  Technical  University,  Lyngby, 
Denmark 

Dr.  Warren  Denner,  Naval  Postgraduate  School,  Monterey 

•  Approach:  Establish  a  3  man  ice  camp  in  the  marginal  ice 
zone  with  concurrent  remote  sensing  overflights.  Support  will  be  from 
Mestersvig. 


•  Scientific  Objectives:  The  Marginal  Ice  Zone  in  the  East 
Greenland  Current  consists  of  discrete  floes  with  a  mean  diameter  that 
increases  with  distance  from  the  ice  edge.  A  major  factor  which  creates 
and  maintains  the  distribution  of  floe  sizes  is  wave  action.  Waves  and 
swell  from  .torms  in  the  North  Atlantic  and  Greenland  Sea  impinge  on  the 
ice  margin  where  they  cause  large  floes  to  break  up  by  bending  failure 
and  by  collisions.  At  the  same  time,  large  floes  are  advected  into  the 
marginal  ice  zone  from  deeper  regions  of  the  pack  by  the  action  of  wind 
or  eddies  along  the  edge  of  the  East  Greenland  Current.  A  dynamic 
equilibrium  may  be  set  up  between  floe  fracture  and  the  arrival  of  fresh 
large  floes.  Since  each  floe  acts  as  a  scattering  centre  which  partially 
reflects  incoming  wave  energy,  the  floe  size  distribution  determines  the 
penetration  of  wave  energy,  and  hence,  the  rate  of  break-up.  Similarly, 
the  balance  between  break-up  and  floe  advection  determines  the  floe 
size  distribution,  so  that  any  equilibrium  which  occurs  is  governed  by 
feedback  mechanisms.  This  activity  is  confined  to  a  "skin  depth"  close 
to  the  ice  edge,  of  the  order  of  tens  of  km  wide. 

This  field  investigation  will  be  directed  toward  determining: 

(a)  The  decay  rate  of  a  wave  of  a  given  period  due  to  scattering  by 
floes  of  a  given  geometry; 

(b)  The  criterion  for  the  failure  in  bending  of  a  floe  of  given 
diameter  and  thickness  due  to  the  action  of  a  wave  of  given  period; 

(c)  The  ambient  noise  levels; 

(d)  Serve  as  ground  truth  for  Danish  remote  sensing  overflights  of 
the  sea  ice. 
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(B)  LOREX 


•  Location:  1000  km  north  of  Alert  on  the  Lomonosov 
Ridge.  See  Figure  10. 

•  Time  Frame:  The  proposed  drift  would  take  place 
during  the  spring  of  1979  and  would  last  for  two  months. 

•  Investigators:  This  is  a  Canadian  experiment  which 
the  U.S.  has  been  invited  to  participate  in.  The  senior  scientist  is 
Dr.  J.  F.  Sweeney,  Earth  Physics  Branch,  Energy,  Mines  and  Resources. 
U.S.  participant  will  be  Dr.  H.  Kutschale  of  Lamont-Doherty  Geological 
Observatory. 


•  Approach:  Establish  3  ice  camps  in  the  vicinity 

of  the  North  Pole  and  thence  drift  across  the  Lomonosov  Ridge.  The  U.S. 
FRAM  I  station  is  a  proposed  complementary  effort.  Canadian  logistic 
support  will  be  from  Alert. 

•  Scientific  Objectives:  Continue  and  expand  a 
systematic  study  of  Lomonosov  Ridge.  Early  studies  concentrated  on 
establishing  a  line  of  gravity  stations  from  Alert  to  the  Pole.  This 
effort  will  include  other  geophysical  parameters  such  as  seismic, 
geomagnetic  and  heat  flow  measurements  in  the  on-going  investigations. 

Dr.  H.  Kutschale  will  conduct  acoustic  propagation  experiments  between 
LOREX  and  FRAM  I. 

(C)  FRAM  I 

•  Location:  500  km  north  of  Nord  on  the  northern  flanks 
of  the  Mid-Ocean  Ridge  at  approximately  OZO^W  85°  30'N. 

•  Time  Frame:  The  proposed  drift  would  occur  in  March/ 
April  1979  as  a  complementary  effort  to  the  Canadian  Lomonosov  experiment. 

•  International  Coordinators: 

Dr.  Yngve  Kristoffersen  Norsk  Polar  Institutt, 

Oslo,  Norway 

Dr.  R.  K.  Falconer  Bedford  Institute  of 

Oceanography,  Dartmouth, 
Nova  Scotia 

Dr.  Jorgen  Taagholt  Technical  University 

Lyngby,  Denmark 
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I 


OZO^W  85°  30 'N 

Discipline 
Marine  Geophysics 

Glaciology 

Marine  Geology 

Cosmic  Physics 

Air  Pollution 
Biology 

Physical 

Oceanography 

(D) 

79°N.  8°W.  and  79 


Approach:  Establish  a  12  man  ice  camp  at  approximately 


Scientific  Objectives: 


Project 


Establish  array  of  continuously  recording  sonobuoys 
for  monitoring  of  micro-earthquake  activity  and 
permanent  layout  for  seismic  refraction  experiments. 
Continuous  gravity  and  seismic  reflection. 

Monitor  ice  drift  and  convergence,  surface  and 
seawater  temperatures  at  3  or  4  observation  points 
within  100  km  of  the  ice  camp. 

Pre-Quaternary  and  Quaternary  paleocl imatological 
studies  of  sediment  cores.  Shallow  seismics. 
Geochemistry  of  the  water  column. 

Three  component  measurements  of  the  geomagnetic 
field.  Continuous  recording  of  magnetic  micro¬ 
pulsations.  Recording  of  ELF/VLF  emissions  and 
infra  sound. 

Observations  of  aerosol  concentration  on  the  ice 
island  and  during  support  flights. 

Studies  of  nutrients  and  plankton  in  the  marine 
habitat.  Quantitative  and  qualitative  studies 
of  fish,  birds  and  mammals  in  areas  of  open  water. 
Population  studies,  particularly  polar  bears. 

Temperature/salinity  structure  of  upper  750  m. 
Current  observations  in  upper  200  m  scattering 
layer  definition. 


EAST  GREENLAND  DRIFT 

•  Location:  Seaward  of  Nord,  Greenland  at  approximately 
N.  2°30'W.  See  Figure  10. 

•  Time  Frame:  1-15  April  1979 

•  Investigators: 

Dr.  Knut  Aagaard,  University  of  Washington,  Seattle, 
Washington 

Dr.  Tore  Vigne,  Norsk  Polarinstitutt,  Oslo,  Norway 


•  Approach:  It  is  planned  to  install  two  current  meter 
arrays  beneath  the  ice  in  the  axis  of  the  East  Greenland  Current.  Approxi¬ 
mately  one  week  of  operation  will  be  required  on  the  pack  ice.  Three 
environmental  data  buoys  will  be  installed  for  the  Norwegian  Polar  Institute. 
It  is  planned  to  use  Nord  as  a  logistic  base. 

•  Scientific  Objectives:  The  East  Greenland  Current 
represents  the  major  outflow  of  water  and  ice  from  the  Arctic  Ocean.  On 
the  average,  over  7  million  metric  tons  per  second  exit  with  this  current 
and  the  latent  heat  exchange  with  the  Arctic  Ocean.  The  current  exercises 
substantial  control  over  acoustic,  ice  and  near-surface  conditions  in  large 
parts  of  the  seas  through  which  it  flows,  and  its  influence  extends  more 
than  4000  kilometers  from  its  origin  northeast  of  Greenland.  The  immediate 
objectives  is  to  obtain  several  long-term  Eulerian  time  series  of  currents 
in  the  northern  part  of  the  East  Greenland  Current,  so  as  to  define  the 
low-frequency  motions  and  shears  in  particular.  At  the  same  time,  moorings 
funded  by  NSF  will  be  in  place  farther  east,  across  the  West  Spitsbergen 
Current,  so  that  the  low-frequency  behavior  of  these  two  important  streams 
can  be  compared. 


(E)  ARCTIC  ACOUSTICS 

•  Location:  200  to  500  km  off  Nord  seaward  of  the 

continental  shelf 


•  Time  Frame:  MARCH  1979 

•  Investigators: 

Mr.  Beaumont  M.  Buck,  President,  Polar  Research 

Laboratory 


•  Approach:  Establish  two  or  three  man  ice  camps  within 
20  km  of  each  other 


•  Scientific  Objectives:  Measure  ambient  noise  levels 
in  the  Arctic.  Determine  acoustic  propagation  by  detonation  of  various 
charges  away  from  the  camp  and  using  explosive  charges  of  opportunity 
from  LOREX  and  FRAM  I. 


(F)  COASTAL  DYNAMICS 

•  Location:  For  two  weeks  in  April  a  field  program  will 
be  conducted  out  of  Ny-Alesund,  Svalbard.  In  July  -  August  field  camps 
will  be  established  on  Prins  Karls  Forland  and  Kvadehuken,  Svalbard. 


Time  Frame:  April  and  July  -  August  1978 


Investigators: 


Dr.  William  Wiseman  -  Louisiana  State  University,  Baton 

Rouge,  Louisiana 

Dr.  Tore  Gjelsvik  -  Norsk  Polarinstitutt,  Oslo,  Norway 

•  Approach:  The  fjords  of  Svalbard  provide  excellent 
laboratories  for  studies  of  Arctic  coastal  dynamics.  With  cooperation 
and  participation  by  Norwegian  scientists  a  field  effort  is  now  underway 
in  Svalbard.  Support  is  obtained  locally  in  Svalbard. 

•  Scientific  Objectives:  During  this  study  two  main 
problems  will  be  addressed.  These  are  (1)  characterization  of  the 
progressive  variations  of  fjord  shorelines  from  the  open  ocean  to  the  head 
of  a  fjord,  as  a  function  of  the  variability  of  the  process  environment, 
and,  (2)  characterization  of  the  dynamic  processes  responsible  for  the 
distribution  and  transport  of  suspended  sediment  within  a  fjord. 


CONTRACT 


Figure 


Figure 


INTERFACE  WITH  NAVY  LABORATORIES 


■  a 

o 

a  a 

o 

o 

< 

o 

§ 

CO 

CO 

JQC  J 

CO 

D 

o 

LU  O  OC 

z 

Z 

z 

O  Z  Z 

57 


ACTIVE  INTERFACE  WITH  DoD 
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INTERNATIONAL  COOPERATIVE  EFFORTS 


Arctic  Acoustic  Reverberation  (CANBARX) 
Arctic  Aerosols 

Coastal  Dynamics 
Marginal  Ice  Zone 

FRAM  1 

Svalbard  Open  Water 
Remote  Sensing, 


Bedford  Institute,  Canada 

Research  Institutes  of 
Northern  Nations 

Norsk  Polarinstitutt 

Scott  Polar  Research  Inst. 
Danish  Meteorologic  Inst. 

Research  Institutes 
Canada,  Norway,  Denmark 

Geophysical  Institute 
University  of  Bergen,  Norway 
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i-HECMDO  MX  aUtK-MOT  FlUmi 


GEOGRAPHY  PROGRAMS 


Figure  1  states  the  purpose  and  major  objectives  c.'  ",h£  program. 

Our  approach  to  coastal  research  is  fundamentally  distinctive, 

1)  we  are  world-wide  while  others  are  dedicated  to  domestic  studies, 

2)  our  concern  is  being  able  to  make  a  prediction  of  short  term 
changes  in  coastal  conditions,  and  3)  it  is  our  policy  to  emphasize 
research  in  many  kinds  of  coastal  environments  and  we  put  a  premium  on 
understanding  individual  physical  processes  such  as  wave  dynamics, 
ciirrent  dynamics,  sediment  transport,  etc.  within  the  context  of  the 
environment  as  a  whole .  Without  this  approach,  one  can  -  and  does  - 
wind  up  with  19  different  equations  for  the  longshore  transport  of 
sand  with  no  guidelines  to  relate  the  equations  to  the  particular 
environments  for  which  they  were  calculated.  Figure  2  shows  the  sub¬ 
programs  and  funding  dedicated  to  achieving  the  major  objectives  or 
thrusts  of  the  program;  they  will  be  discussed  individually. 

RELATION  TO  NAVY  NEEDS: 

Geography  Programs  provides  an  effective  coordination  center  for 
coastal  environmental  studies  within  the  Navy  and  Marine  Corps,  DoD, 
other  government  agencies,  nonmilitary  organizations,  societies,  edu¬ 
cational  institutions,  and  individuals.  The  program  is  also  deeply 
involved  with  coordinating  auid  cooperating  in  research  efforts  of  a 
similar  nature  being  conducted  on  foreign  shores.  Figure  3,  for  example, 
shows  the  extent  of  our  foreign  involvements  over  the  past  five  years 


and  what  we  anticipate  for  the  near  future.  Our  anticipated  research 
project  in  Egypt  is  now  a  reality;  five  of  the  Louisiana  State  Univer¬ 
sity  (LSU)  research  team  are  leaving  for  the  area  the  lUbh  of  this  month. 
The  Navy  needs  and  has  in  Geography  Programs  a  single  activity  having 
almost  complete  cognizance  of  the  research  area. 

RELATION  TO  ONR: 

Our  program  blends  within  the  ONR  structure  by  relating  research  to 
Naval-Marine  Corps  needs  in  the  coastal  environment  and  by  conducting 
research  of  a  fundamental  nature;  research  looking  into  the  why  and  how 
of  dynamic  coastal  processes.  We  attempt  to  determine  the  feasibility 
of  fiirthering  various  concepts  and  applications  of  instrumentation  and 
techniques  to  a  unique  and  hostile  operational  environment.  These  deter¬ 
minations  are  requisite  to  achieving  a  capability  for  predicting  changes 
in  conditions  in  this  environment. 

You  will  see  shortly,  how  we  axe  constrained  in  our  studies  by  the 
time  and  space  scales  of  motion  of  the  shallow  water  processes  as  well 
as  by  Naval-Marine  Corps  requirements. 

WHAT  HAPPENS  TO  OUR  RESEARCH  ITEMS: 

Figure  serves  to  show  the  flow  of  our  research  to  the  user 
commtinity  and  their  end  products. 
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COASTAL  DYNAMICS 


The  objective  of  coastal  geography  programs  is  to  achieve  a  basic 
physical  understanding  of  coastal  shallow  water  environmental  parameters 
and  their  combined  processes.  It  is  through  this  knowledge  that  we  are 
developing  a  capability  for  predicting  changes  in  these  dynamic  processes 
that  directly  affect  coastal  land  forms  and  military  operations  in 
coastal  waters. 

WHAT  FACTORS  GOVERN  OUR  RESEARCH: 

The  following  figures  5,6,7,  depict  hydrodynamic  and  atmospheric 
motions  according  to  the  characteristic  time  and  length  scales  of  motion. 

You  will  see  that  in  our  research  program  the  emphasis  is  on  those 
motions  that  fall  somewhere  in  the  middle  of  the  range. 

In  general,  our  interest  is  in  those  motions  that  can  have  signi¬ 
ficant  effects  on  the  nearshore  and  inner  shelf  regions  over  the  time 
scale  of  a  military  operation  —  say  several  hours  to  several  days. 

In  the  case  of  waves,  (Figure  5),  we  have  greatest  interest  in 
surface  waves  —  including  breakers,  storm  waves,  and  swell.  Tides 
and  storm  surges  are  the  focus  of  modeling  efforts  designed  to  provide 
adequate  input  data  to  our  coastal  process  models. 

The  main  emphasis  on  currents  (Figure  6)  is  on  wave  driven  currents 
(important  in  the  nearshore  zone)  and  larger  scale  currents  that  are 
important  a  bit  farther  offshore.  Again,  tidal  currents  are  treated  as  an 
input  factor. 
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Finally,  in  Figure  7,  ve  see  the  atmospheric  motions  that  are  of 


most  importance  in  coastal  research  tend  to  fall  in  the  middle  range  — 
sea  breeze  systems,  fronts,  hurricanes,  and  high-  and  low-pressure  systems. 
The  larger  scale  motions  such  as  monsoon  regimes  and  climate  are  impor¬ 
tant  in  understanding  the  spatial  variability  of  coastal  environments,  and 
we  consider  these  motions  in  devising  classification  schemes  for  coastal 
types. 

The  previous  three  slides  delineated  the  scope  of  our  program  in  the 
context  of  coastal  processes  of  various  time  or  length  scales.  For 
management  purposes,  however,  we  find  it  more  effective  to  group  our 
projects  in  a  somewhat  different  scheme;  namely,  nearshore  dynamics, 
shelf  processes,  and  coastal  class  studies. 

NEARSHORE  DYNAMICS: 

The  nearshore' dynamics  effort  (Figure  8)  provides  typical  examples 
of  the  type  of  coordination  we  try  to  foster  in  order  to  create  a  research 
program  as  opposed  to  a  group  of  isolated  contracts.  Drs.  Thornton  and 
Inman  will  be  working  together  for  the  second  successive  year  in  their 
summer  field  work.  This  year,  they  will  be  Joined  by  Dr.  Dalrymple  of 
Delaware  (the  co-principal  investigator)  who  is  spending  a  sabbatical  at 
Scripps.,  besides  performing  his  own  part  of  the  field  research. 

Dr.  Dalrymple  will  be  trying  to  incorporate  the  research  results  into 
the  nearshore  computer  model  being  developed  by  himself  and  Dr.  Wang. 

Figure  9  serves  only  to  show  you  how  all  of  the  individual  coastal 
dynamic  and  shelf  process  studies  will  ultimately  fit  together  and  be 


integrated  into  Wang's  and  Dalrymple's  nearshore  model.  The  dynamics 
and  shlef  process  studies  are  directed  toward  formulating  this  model's 
components. 

SHELF  PROCESSES: 

Figure  10  depicts  our  shelf  processes  research  where  we  have  two 
new  efforts.  Dr.  Southard  at  MIT  is  performing  a  combined  laboratory 
and  field  effort  in  an  examination  of  the  large  sand  waves  that  are 
present  in  mamy  types  of  coastal  environments.  At  the  Waterways 
Experiment  Station  at  Vicksburg,  we  are  partially  supporting  a  promising 
new  approach  to  the  problem  of  storm  surge  prediction  in  coastal  areas. 

In  some  respects,  this  research  parallels  that  of  Dr.  Kuo  of  Columbia, 
who  is  using  a  quite  different  approach  in  solving  a  similar  problem. 

Each  approach  has  distinct  advantages  and  disadvantages ,  and  we  are 
looking  closely  at  both  to  see  which  will  ultimately  be  of  the  greatest 
benefit  from  the  Navy  standpoint.  Here  again,  there  is  close  coordination 
between  complimentary  efforts. 

COASTAL  CLASS  STUDIES: 

Three  efforts  winding  down  in  Coastal  Class  Studies ,  shown  in  Figure  11 
the  work  in  Surinam,  Nicaragua,  and  the  Persian  Gulf  has  been  highly  success 
ful,  and  we  expect  to  see  certain  aspects  of  this  research  pursued  in 
future  projects. 

The  new  effort  this  year  in  coastal  class  studies  is  that  of  LSU's 
Nile  Delta  work.  Here  we  eu:e  conducting  cooperative  research  in  a  hyper 
saline,  arid  environment  where  the  dynamics  of  wave,  current,  and  sediment 
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interactions  are  unknown  or  at  best  very  poorly  known.  These  studies 
provide  information  on  how  to  determine  which  model  to  use  where  and  when. 

I  should  like  now  to  briefly  discuss  a  topic  of  our  research  that  you 
may  not  be  aware  of. 

Coastal  meteorology  is  an  integral  part  of  the  total-systems  approach 

to  understanding  coastal  environments.  This  is  an  area  that  we  have  not 

gone  into  in  great  detail  in  recent  reviews,  and  I  would  like  to  bring  you 

up-to-date  on  some  recent  advances.  The  work  which  I  will  describe  has 

been  performed  by  the  staff  of  the  Coastal  Studies  Institute  of  Louisiana 

State  University,  particularly  by  Dr.  S.  A.  Hsu.  One  of  the  most  important 

parameters  in  modeling  coastal  processes  is  the  wind  stress  at  the  sea 

surface.  A  knowledge  of  wind  stress  permits  calculations  of  wave  growth, 

wind-driven  currents,  and  local  heat  budgets.  Wind  stress  is  dependent  on 

either  the  shear  velocity  or  the  surface  drag  coefficient,  and  in  the  past, 

there  have  been  as  many  estimates  of  drag  coefficients  as  there  have  been 

investigators.  Dr.  Hsu,  however,  has  derived  a  general  expression  for  the 

calculation  wind  stress  that  is  easy  to  use  and  is  highly  accurate.  This 

expression  =  U,^exp( kU„/U- )  relates  the  shear  velocity  (U-)  to 

(H/C  ) 

the  wind  measured  at  some  height  Z,  usually  ten  meters.  Unlike  the  normal 
lograthmic  profile  normally  used  (top  equation),  this  expression  takes 
into  account  the  variability  of  the  wavy  sea  surface;  H  is  the  local  wave 
height  and  C  the  phase  velocity  of  the  dominant  component.  Hsu  has  taken 
this  equation  and  produced  a  nomograph  (Figure  12)  for  the  rapid  calculation 
of  stress.  This  new  technique  is  becoming  widely  accepted  in  the  air-sea 


interaction  community,  and  it  represents  a  major  advance.  Measurements 
of  the  wind  at  several  levels  also  gives  a  picture  of  the  air  flow  regime 
at  the  coastal  boundary  of  land  and  sea.  Experiments  performed  in  many 
types  of  coastal  regions  have  shown  clearly  how  the  wind  profile  changes 
substantially  when  going  from  smooth  tidal  flats  to  rough  dune  topography. 
These  results  have  been  successfully  applied  to  the  prediction  of  beach 
sand  transport  by  wind.  In  addition,  these  experiments  have  been  of 
direct  benefit  to  LSU's  studies  of  marine  aerosols  in  the  coastal  zone. 
Field  experiments  in  Texas  and  the  Caribbean  have  enabled  Hsu  and  his 
coworkers  to  develop  a  picture  of  the  aerosol  dispersion  process  in 
terms  of  aerosols  that  are  trapped  within  the  coastal  boundary  layer. 

These  experiments  have  led  to  the  development  of  a  preliminary  model  of 
aerosol  concentration  that  is  very  promising.  (Figure  13)  This  is  the 
output  of  the  model,  which  shows  aerosol  concentration  as  a  function  of 
height  2.  The  coefficient  of -2-  and  the  exponential  factor  of  -2-  are 
derivable  from  known  meteorological  amd  oceanographic  parameters .  The 
additive  term  is  a  source  term  which  at  the  present  is  derived  from  curve 
fitting.  In  time,  we  expect  that  it,  too,  can  be  independently  derived. 
The  fit,  as  you  see,  is  quite  good. 

One  thing  that  has  become  clear  is  that  the  concentration  of  aerosols 
becomes  much  higher  in  coastal  areas  during  the  night ,  and  the  reason  for 
that  is  the  behavior  of  the  coastal  inversion  cycle.  During  the  night, 
cooling  induces  a  coastal  inversion  and  a  lowering  of  the  atmospheric 
boundary  layer.  Under  such  conditions,  aerosol  concentrations  can  reach 
several  times  the  daylight  values. 


Dr.  Hsu's  studies  of  coastal  atmospheric  boundary  layer  processes 


also  have  a  direct  bearing  on  the  remote  sensing  of  coastal  physical  para¬ 
meters.  The  structure  of  the  atmosphere,  the  changes  induced  by  frontal 
passages,  and  the  specification  of  parameters  such  as  precipitable 
water  are  all  applied  to  such  problems  as  satellite  sensing  of  sea  surface 
temperature,  such  as  the  work  being  done  by  Dr.  Huh  at  LSU.  Here 
(Figure  1^)  we  see  the  absorption  of  IR  energy  by  free  water  in  the 
atmosphere,  i.e.  a  polar  U.S.  marine  air  mass  —  with  sufficient  moisture 
to  obliterate  the  signal  from  the  Gulf  Stream  in  this  area.  The  polar 
air  mass  north  of  Lake  Okeechobee,  Florida  had  a  relative  humidity  of 
30%  while  the  marine  air  mass  to  the  south  yielded  a  reading  of  60^. 

A  visual  band  photograph  of  this  same  scene  would  have  shown  a  clear, 
cloud-free  region. 


COASTAL  REMOTE  SENSING 

Our  remote  sensing  program  primarily  has  concentrated  on  deter¬ 
mining  the  feasibility  of  using  various  sensors  to  measure  specific 
coastal  parameters.  We  must  know  the  capabilities  and  limitations 
placed  upon  these  instruments  by  the  rapidly  changing  coastal/ocean  and 
atmospheric  environments.  Figure  15  shows  the  funding  level  for  this 
subprogram. 

The  proliferation  of  remote  sensing  demands  that  we  be  alert  to 
the  field  as  a  whole  and  specifically,  the  research  aiivi  applications 
aspects.  Our  Job  here  then  is  to  learn  how  we  can  apply  remote  sensing 
technology  to  help  meet  Naval/Marine  Corps  needs  —  at  least  in  so  far 
as  it  relates  to  our  coastal  dynamics  studies. 
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We  are  now  at  the  stage  in  this  program  where  we  have  begun  the 
transitioning  from  surface  and  aircraft  remote  sensing  to  satellite 
'applications.  We  are  in  close  coordination  with  Code  and  others  and 
are  presently  assisting  in  the  development  of  a  capability  at  SCRIPPS 
to  acquire,  reduce,  and  use,  in  real  time  satellite  data  for  use  in 
research  in  our  respective  areas. 

In  keeping  with  what  has  been  said  previously,  these  projects 
serve  to  point  out  the  very  basic  nature  of  this  research  program.  For 
example.  Dr.  Leonard  has  developed  the  use  of  Raman  spectroscopy  for 
sensing  atmospheric  parameters.  He  is  now  engaged  in  determining  the 
feasibility  of  obtaining  Raman  spectra  from  coastal  waters  to  obtain 
temperature  and  salinity  measurements  in  real  time  as  a  function  of  depth. 

A  pulsed  laser  transmitter  operating  in  the  visible  portion 
of  the  spectrum  near  5000  S  is  used  to  illximinate  ocean  subsurface 
waters.  The  Raman  backscattered  light  is  detected  and  analyzed  in  real 
time  to  obtain  temperature/salinity  as  a  function  of  depth. 

In  brief  the  Raman  phenomena  can  be  described  as  spectrometer 
observed  backscattered  light  from  the  illuminating  source  where  the 
monochromatic  wave  length  of  the  transmitted  light  is  shifted  (in  the 
case  of  H2O  -  towards  the  red  about  8OO  8,  and  broadened. ) 

A  spectrometer  scanning  the  shifted  and  broadened  Raman  water 
spectrxom  observes  and  records  a  composite  spectra  from  the  polymer 
(A  2)  and  monomers  {>.  l)  as  shown  in  Figure  16.  The  ratio  of  the  polymer 
to  monomer  spectra  is  temperature  dependent.  Analysis  of  the  sum 
(Composite  spectra)  to  a  precision  of  1%  yields  a  temperature  measurement 
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of  1  C  accuracy.  Coupled  with  the  gating  capability  of  the  lidar  system, 
temperature  as  a  function  of  depth  is  obtained.  The  use  of  dual  polari¬ 
zation  techniques  is  expected  to  make  possible  measurements  to  several 
attenuation  lengths  in  depth. 

Remote  Sensing  over  some  quite  important  coastal  ocean  areas  is 
often  difficult  to  impossible  as  a  result  of  cloud  cover  or  other  atmos¬ 
pheric  attenuation  factors.  Radar  is  a  means  of  overcoming  these 
problems  and  has  become  a  very  important  sensing  tool.  The  problem  with 
most  conventional  active  and  passive  radar  systems  is  that  they  have 
gross  resolution  cells  resulting  from  the  need  for  prohibitively  large 
antennas.  To  overcome  this, the  Synthetic  Aperture  Radar  (SAR)  has  been 
designed  which  is  cloud-penetrating  and  capable  of  giving  images  with 
good  resolution.  The  SAR  should  almost  by  definition  not  work  when 
the  target,  such  as  waves,  is  moving.  Surprisingly,  however,  it  does 
work,  but  it  is  difficult  to  interpret  the  results. 

Many  scientists  are  looking  forward  with  great  enthusiasm  to 
the  prospect  of  using  the  space  derived  high  resolution  (SAR)  wave  data 
for  research  purposes  and  for  driving  various  predictive  models.  Several 
problems  are  evident  with  the  SAR,  however,  and  Dr.  Shuchman  of  ERIM  is 
now  making  inroads  on  the  solutions  to  these  problems. 

For  example,  the  SAR  is  designed  to  image  a  stationary  target 
at  large  incident  angles.  SEASAT,  however,  images  a  moving  target  at 
small  incident  angles.  The  result  is  a  defocusing  and  displacement  effect. 
Figure  17  demonstrates  the  phenomena  quite  well.  Realize  then  what  must 
occur  when  a  wave  approaching  the  coast  changes  direction,  shape,  and  speed. 


Also,  one  must  realize  that  unlike  other  radar  data  the  SAR  raw  data 
must  be  reduced  to  produce  an  image.  Dr.  Shuchman  has  already  solved 
some  of  these  problems  and  has,  by  his  investigations,  become  the  out¬ 
standing  expert  on  SAR  technology.  Ve  are  confident  that  we  shall 
obtain  measurements  of  wave  lengths,  wave  directions,  and  probably  wave 
heights  by  SAR  sensing,  and  we  will  learn  of  the  capabilities  on  limi¬ 
tations  of  the  SAR,  i.e.  at  what  point  the  reliability,  and  accuracy  or 
resolution  begin  to  deteriorate  and  to  what  degree  the  information  can 
still  be  used. 

SYSTEMATIC  GEOGRAPHY 

We  recognize  in  this  program  the  need  for  quickly  and  accurately 
entering  significant,  nonredundant  data  into  a  coastal  data  base  or,  as 
required,  into  an  appropriate  computer  complex  to  drive  predictive 
models  for  specific  coastal  operations. 

Figure  l8  indicates  the  budget  and  research  categories  that  the 
projects  address. 

In  past  sessions  such  as  this  I  have  talked  about  the  research  of 
Drs.  Peucker,  Gerhardt ,  Dolan/Hayden,  but  in  view  of  recent  DOD  interest 
in  one  of  our  projects  I  would  like  once  again  to  mention  the  work  of 
Dolan/Hayden  et.al.  at  the  University  of  Vriginia.  I  am  referring  to 
their  sequence  of  research  projects  beginning  with  a  coastal  classification 
scheme  progressing  with  a  wave  climate  calendar  and  now  broadening  into 
a  coastal  information  referral  system.  An  article  by  Dolan,  et.al.  in 


our  recent  issue  of  Research  Reviews  gives  a  detailed  account  of  this 


referral  system  and  I  urge  you  to  read  this. 

I  have  been  asked  to  respond  to  the  questions:  l)  Where  do  we 
stand  in  our  program?,  and  2)  What  research  opportinities  do  we  expect? 

The  first  question  of  where  we  stand  is  difficult  to  answer  since 
there  is  nothing  with  which  to  compare  our  program.  I  shall,  therefore, 
attempt  to  answer  in  this  way.  We  have  developed  many  isolated  predic¬ 
tive  process  models  that  respond  to  simple  coastal  conditions.  We  can 
with  these  models  predict  changes  in  coastal  conditions  with  varying 
degrees  of  success.  Several  of  the  models,  such  as  the  inshore  current 
prediction  model  are  being  expanded  to  include  complex  coastal  areas. 

Many  of  the  process  models  are  now  being  incorporated  into  the  "Masters" 
model  of  Wang  and  Dalrymple  mentioned  previously. 

A  single  model  to  predict  the  changes  in  wave  characteristics  as 
they  proceed  from  deep  to  shallow  water  to  breaking  on  the  beach  is  now 
being  finalized  for  turnover  to  the  Marine  Corps,,  SURFLANT,  and  NSRDC. 

We  have  made  great  progress  in  the  past  5  years. 

What  research  opportunities  do  we  expect?  Without  hesitation  the 
virtual  proliferation  of  satellite  systems  this  year  will  really  make 
a  staggering  impact  on  our  research  and  Naval  operations.  As  I  mentioned, 
we  have  already  begun  our  satellite  related  research.  Also,  we  have 
initiated  action  with  NATO  and  other  European  nations  on  coastal  data 
exchange  agreements  and  possible  cooperative  and  mutually  beneficial 
research  projects.  This  will  open  up  many  research  opportunities  at  a 
variety  of  coasts. 
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Mr.  Dolezalek  will  discuss  the  status  of  these  initiatives. 


TRANSITIONING  OF  RESEARCH  PROJECTS 
Our  products  are  not  hardware,  they  are  mainly  software  packages 
which  means  we  are  looking  for  input  to  minicomputers  for  specific 
actions.  Our  product  is  then  generally  not  one  for  Navy-wide  use. 

None-the-less  instances  have  and  will  continue  to  occur  in  that  we 
do  have  a  good  product  to  move  forwBrd  for  fleet  use.  Examples  are 
the  data  referral  system  now  being  readied  for  transfer  to  FNWC,  our 
environmental  data  buoy  which  will  be  used  in  the  coming  amphibious 
operation  "SOLID  SHIELD,"  and  the  laser  bathymetry  system  that  was 
picked  up  and  built  and  is  now  being  test  flown  by  NASA.  Additionally, 
our  wave  characteristics  model  is  being  readied  for  transfer  to  SURFLANT 
and  NSRDC. 
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Figure  2 
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SPATIAL  AND  TEMPORAL  SCALES  OF  CURRENT  MOTION 
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ENVIRONMENTAL  PREDICTIONS 
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Figure  11 


A  COMPOSITE  SPECTRA  AS  DERIVED  FROM 
THE  MONOMER  AND  POLYMER  SPECTRA 
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Figure  16 


Environmental  Factors  Program 
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Environmental  Factors  Project 
(RR  03208-01) 


1.  The  Environmental  Factors  Project  consists  of  four  tasks  and  funding 
as  follows: 


Funding  ($K) 


Task  Area 

FY  78 

FY  79 

Environmental  Effects  on  Strategic 
Communications 

180 

260 

Tactical  Communications  and 
Surveillance  Concepts 

135 

180 

Diagnostics  and  Environmental 

Effects  of  Nuclear  Explosions 
on  Naval  Systems 

60 

60 

Arctic  Environmental  Effects  on 
Conventional  Weapons 

Phenomena  and  Sensors 

80 

30 

$455 

$530* 

*Congressional  Submission 

2.  In  addition  to  these  funds  an  additional  $1.14M  of  FY  78  were 
received  from  DNA,  OCA,  DARPA  and  AFTAC  for  research  of  mutual  interest 
in  nuclear  effects,  surveillance,  survivability  and  communications.  A 
sum  of  $1.9M  is  expected  from  these  sources  in  FY  79. 

3.  Each  of  the  four  tasks  will  be  discussed  in  turn. 

Environmental  Effects  on  Strategic  Communications 

4.  This  is  a  broad  area  concerned  primarily  with  the  natural  and  man-made 
(nuclear)  atmospheric  and  ionospheric  environment  and  its  effects  on 
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Environmental  Factors  Project 
(RR  03208-01) 


1.  The  Environmental  Factors  Project  consists  of  four  tasks  and  funding 
as  follows: 


Funding  ($K) 


Task  Area 

FY  78 

FY  79 

Environmental  Effects  on  Strategic 
Communications 

180 

260 

Tactical  Communications  and 
Surveillance  Concepts 

135 

180 

Diagnostics  and  Environmental 

Effects  of  Nuclear  Explosions 
on  Naval  Systems 

60 

60 

Arctic  Environmental  Effects  on 
Conventional  Weapons 

Phenomena  and  Sensors 

80 

30 

$455 

$530* 

♦Congressional  Submission 

2.  In  addition  to  these  funds  an  additional  $1.14M  of  FY  78  were 
received  from  DNA,  OCA,  DARPA  and  AFTAC  for  research  of  mutual  interest 
in  nuclear  effects,  surveillance,  survivability  and  communications.  A 
sum  of  $1.9M  is  expected  from  these  sources  in  FY  79. 

3.  Each  of  the  four  tasks  will  be  discussed  in  turn. 

Environmental  Effects  on  Strategic  Communications 


M  _  I _ I  _  _ I  _ J _ .i.1 _ _ .1 _ 1 _ I _ _ J 


long  path  communications  with  strategic  forces.  Overall  objectives 
justifying  the  need  for  research  In  this  area  are: 

•  Maintaining  the  credibility  of  the  nuclear  deterrent 

•  Improvement  In  future  system  design 

•  Expansion  of  mission  profiles  through  Improved  communications 

•  Avoidance  of  system  underdesign  or  overdesign 

•  Control  of  system  costs 

•  Technological  spin-off  to  non-communication  areas 

5.  While  this  task  area  has  a  number  of  subtasks,  time  will  permit 
discussion  of  only  two.  They  are  the  ELF  Field  Simulation  Program  and 
Scintillation  Effects  Caused  by  Ionospheric  Irregularities. 

6.  The  ELF  Field  Simulation  Program  also  contains  consideration  of 
VLF  propagation  and  consists  of  the  following  elements: 

•  ELF/VLF  propagation  measurements  under  quiet  and  disturbed 
Ionospheric  conditions.  The  disturbance  being  supplied  by 
relativistic  electron  precipitation  (REP)  events  and  by 
solar  particle  events  (SPE)  at  high  latitudes. 

•  Satellite  based  measurement  of  precipitating  particles  and 
of  their  effect  on  the  Ionosphere.  Ultraviolet  TV  cameras 
and  X-ray  detectors  will  be  used  to  measure  absorption  in 
the  ionosphere. 

•  In-situ  rocket  measurements  In  the  ionosphere 

•  Incoherent-Scatter  radar  measurements  on  the  ionosphere 

•  Satellite-and-ground-based  optical  measurements 

Figure  1  lists  these  experiments  and  the  experimenters  for  most. 

Figure  2  shows  the  geometry  of  the  experiments. 

The  overall  program  objectives  are  as  follows: 


•  utilize  natural  disturbance  phenomena  during  upcoming 
solar  maximum  period  (1978  -  1982)  to  simulate  effects 
of  a  nuclear  burst  on  ELF/VLF  communication  links. 

•  Communicate  with  existing  U.S.  Navy  experimental  ELF 
link  at  WTF  to  receiving  sites  across  the  Polar  Cap 
during  the  disturbances.  Also  utilize  existing  VLF 
transmitters  on  similar  propagation  paths. 

•  Provide  a  comprehensive  definition  of  the  disturbed 
communication  media  using  satellite,  rocket,  and  ground- 
based  measurements  to  determine  spatial  configuration, 
source  characteristics  and  resulting  ionospheric  com¬ 
position  as  inputs  to  the  communications  propagation 
prediction  models. 

•  Perform  a  comparative  test  between  predicted  signal 
strength  changes  and  actual  measured  signal  strengths. 

•  Update  the  models  as  necessary  to  reflect  the  experimental 
data. 

7.  The  results  obtained  from  these  experiments  will  be  applied  directly 
to  the  modeling  of  the  U.S.  Navy  ELF  and  VLF  communication  systems  under 
normal  and  nuclear-disturbed  conditions.  Existing  models  at  the 

Naval  Ocean  Systems  Center  will  be  updated  based  on  the  knowledge 
acquired  from  these  experiments.  The  improved  models  should  result 
in  the  design  of  more  efficient,  cost  effective,  reliable  cotmiuni cation 
systems  under  hostile  conditions.  The  only  unresolved  problem  at  this 
time  is  assignment  of  the  satellite  experiment  to  a  launch  vehicle  so 
that  it  will  be  in  polar  orbit  in  the  time  frame  to  coincide  with  high 
solar  activity. 

8.  Over  the  last  three  years,  we  have  funded  a  theoretical  and 
experimental  effort  to  develop  a  holographic  radio  camera  for 
measurement  of  ionospheric  irregularities  and  to  demonstrate  its 
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capabilities  in  a  field  experiment.  The  research  has  been  performed 
by  Megatek  Corporation  and  by  the  Naval  Ocean  Systems  Center  with 
the  experiment  fielded  at  the  NOSC  La  Posta,  California  Observatory. 

The  radio  camera  consists  of  an  array  of  accurately  placed  receiving 
antennas  and  the  accompanying  data  processing  and  analysis  equipment 
and  algorithms.  A  known  signal  from  the  TRANSIT  navigation  satellite 
is  received  at  each  of  the  antennas  after  being  modified  in  phase 
and  amplitude  by  passage  through  the  irregular  ionosphere.  Using 
these  amplitude  and  phase  changes,  it  is  possible  to  mathematically 
reconstruct  the  ionospheric  irregularities.  The  Air  Force  Geophysical 
Laboratory  is  currently  considering  installation  of  a  holographic 
radio  camera  at  Goose  Bay,  Labrador. 

9.  A  new  related  effort  was  started  this  year  to  determine  the 
correlation  of  equatorial  scintillations  with  zonule  winds  at  F-region 
altitudes.  Radar  and  scintillation  data  taken  at  Guam  is  being 
analyzed. 

10.  Finally,  in  the  strategic  communications  area,  a  new  effort 
will  be  started  in  FY  79  in  the  area  of  stimulated  emission  of 
energetic  particles.  This  will  be  a  correlated  ground-based  VLF 
transmitter  and  satellite  based  particle  detector  experiment.  The 
VLF  transmitter  will  propagate  a  radio  wave  up  the  magnetic  field 
lines;  these  waves  should  interact  with  energetic  particles  in  the 
radiation  belts  near  the  equator  changing  their  pitch  angle  distribution 
and  causing  more  of  them  to  be  absorbed  in  the  atmosphere.  The  satellite 


will  measure  the  increased  precipitation  of  the  particles  at  high 
latitudes  just  above  the  ionosphere.  The  experimental  arrangement 
is  illustrated  in  Figure  3. 

11.  Such  an  effect,  if  it  exists,  could  have  very  important  implica¬ 
tions  for  radiation  belt  dumping,  selected  communication  disruption, 
and  satellite  survivability. 

Tactical  Communications  and  Surveillance  Concepts 

12.  This  task  is  primarily  concerned  with  research  in  ASW  support. 

It  currently  consists  of  the  following  subtasks: 

•  Sound  detection  in  optical  fibers 

•  Investigation  of  Poly  (Vinylidene  Fluoride)  (PVF2)  as  an 
acoustic  transducer 

•  Arctic  and  marginal  ice  zone  surveillance  study 

•  Aircraft/Submarine  communications 

•  ULF/ELF  magnetic  and  electric  dipole  systems 

•  Optical  fiber  submarine  to  buoy  link 

13.  The  application  of  optical  fibers  for  sound  detection  was  an 
outgrowth  of  Field  Projects  Program  research  using  laser  beams  to 
study  underwater  shock.  Optical  fiber  was  used  to  control  dispersion 
of  laser  beams.  Phase  and  amplitude  changes  in  the  fiber  can  be  used 
to  measure  compression  wave  in  the  medium.  The  ONR  effort  has  looked 
at  possible  systems  for  use  as  loop,  single  fiber,  and  beam  forming 
array.  NRL,  NOSC  and  NAVSEA  are  currently  investigating  conceptual 
systems  also. 

14.  The  basic  properties  of  PVF2  have  been  under  investigation  by 
the  ONR  Chemistry  Program  for  sometime.  Recently,  we  have  begun 
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investigating  its  piezoelectric  properties  for  possible  hydrophone 
application.  It  is  particularly  interesting  in  a  towed  array 
application.  In  previous  work,  the  NOSC  has  designed  and  tested 
individual  hydrophones  using  PVF2.  The  current  effort  will  attempt 
to  propose  promising  line  arrays  and  two-dimensional  arrays.  The 
advantages  of  PVF2  are  given  in  Table  I. 

15.  The  concept  under  investigation  for  an  optical  fiber  communication 
link  between  a  submerged  submarine  and  an  active  buoy  for  coordinated 
ASW  activity  is  shown  in  Figure  4.  The  fiber  would  be  of  neutral 
buoyancy  and  would  be  laid  out  from  the  submarine  under  minimal 
tension.  Repeaters  would  be  used  in  the  fiber  as  necessary.  Figure 

5  gives  the  attenuation  vs.  wavelength  for  currently  available  corning 

fibers  and  for  fibers  still  undergoing  experimental  test  before 

marketing.  Cost  of  fiber  is  likely  to  be  the  determining  factor  in 

when  such  a  system  becomes  economically  feasible. 

Diagnostics  and  Environmental  Effects 
of  Nuclear  Explosions  on  Naval  Systems 

16.  Current  objectives  of  this  task  are: 

•  Detection,  classification  and  localization  of  underwater 
nuclear  explosions 

•  Avoidance  of  radiological  hazard  at  sea 

•  Prediction  of  surface  waves  produced  by  underwater  explosions 

•  Determination  of  the  effects  of  the  Arctic  environment  on 
nuclear  weapon  phenomena 

17.  A  recently  completed  subtask  was  the  effects  of  explosively  generated 
water  waves  on  surface  effect  vehicles  (SEV).  The  objectives  were  to 
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develop  an  analytical  model  including  the  explosion  wave  environment 
and  a  dynamic  representation  of  a  typical  SEV,  and  to  assess  the 
SEV  performance  to  chosen  sets  of  conditions  incorporating  yield, 
standoff  distance,  and  shallow  or  deep  water  location.  Accomplishments 
are  as  follows: 

•  Development  of  Comprehensive  Computer  Code  Including: 

•  Explosion  Wave  Environment 

•  Large  Ship  Motions 

•  Revised  Air  Cushion  Dynamic  Simulation 

•  Heave  Attenuation  Effects 

•  Cost  Effective  Code 

•  Run  Time  1/5  Real  Time  Simulation 

•  Vulnerability  Studies  Include: 

•  Deep  Water  Explosion  Wave  Simulations  Including  Variations  in: 

•  Ship  Headings 

•  Speeds 

•  Yields 

•  Standoff  Distance 

•  Shallow  Water  Explosion  Wave  Simulations 

•  Sinusoidal  Wave  Simulations  for  Code  Verification 

•  Investigation  of  Possible  Evasive  Procedures 

18.  Current  efforts  consist  of  (1)  array  processing  for  improved 
signal  to  noise  ratios  in  hydrophone  arrays;  (2)  reverberation  analysis 
for  single  station  detection,  classification  and  localization  of 
underwater  nuclear  explosions;  and  (3)  surface  wave  generation  by 
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underwater  explosions. 


Arctic  Environmental  Effects  on 
Conventional  Weapons  Phenomena 
and  Sensors 

19.  The  broad  objective  of  this  task  is  to  determine  if  conventional 
weapons  and  sensors  designed  for  use  in  temperate  zones  will  operate 
properly  in  the  Arctic  environment.  Specific  objectives  to  accomplish 
this  include  the  following; 

•  Characterization  of  weapon  and  sensor  environments  in  the 
Arctic 

•  Comparison  with  temperate  zone  environments 

•  Determination  of  sensor  reactions 

•  Determination  of  anomalous  weapon  phenomena 

•  Validation  of  existing  system,  recommendation  of  improvements, 
or  recommendation  against  Arctic  use 

20.  Current  effort  consists  of  two  subtasks.  In  the  first,  the  effects 
of  ice  cover  on  acoustic  homing  sensors  is  being  investigated.  Such 
things  as  surface  capture,  ice  keel  target  masking,  and  noise  generation 
in  the  marginal  ice  zone  are  being  investigated.  This  information  is 
crucial  when  contemplating  use  of  acoustic  homing  torpedoes  in  Arctic 
ice  conditions. 

21.  The  second  effort  is  an  Arctic  and  marginal  ice  zone  naval  mining 
study.  The  magnetic,  acoustic,  seismic  and  hydrostatic  anomalies  of 
chosen  regions  are  being  investigated  to  determine  which,  if  any,  of 
the  existing  mine  mechanisms  or  combinations  thereof  are  suitable  for 

use  in  each  location.  The  requirements  for  ice  penetration  are  also  being 
considered  for  each  of  the  regions  under  study. 
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Earth  Physics  Program  (Code  A63)  Review 

10  March  1978 


A>  Introduction 

1.  Code  463  maintains  a  broad  program  to  retain  cognizance  of  the 
entire  field  of  earth  physics  but  places  a  focus  for  funding  on  projects 
having  potential  for  Navy  and  Marine  Corps  application. 

2.  To  realize  the  broad  spectrum  represented  by  the  subject  area  of 
earth  physics,  several  members  and  former  members  of  our  division  have 
handled  some  of  the  specific  tasks. 

a.  Dr.  Forrest  Dowling,  formerly  of  the  ONR  Chicago  Branch  Office 
and  now  a  private  consultant,  has  assisted  In  our  hostile  artillery 
location/selsmlc  and  geothermal  projects. 

b.  Mr.  Jake  Warner,  retired  from  the  Field  Projects  Program, 
helped  us  In  the  area  of  shallow  water  seismic  surveillance. 

c.  Commander  Jim  Mlnard,  USN,  Is  now  assigned  to  Code  460  and 
will  be  working  part-time  on  shallow  water  seismic  surveillance.  He  has 
previously  received  a  MS  degree  In  Oceanography  at  the  Naval  Postgraduate 
School . 

In  addition,  John  Heacock  and  I  have  been  working  together  in  the 
Program  during  much  of  the  past  year. 

3«  Geophysical  Monograph  20  of  the  American  Geophysical  Union,  edited 
by  John  Heacock  and  entitled  "The  Earth's  Crust,  "  has  been  published. 

It  contains  an  excellent  survey  of  earth  physics  in  the  lithosphere  with 
many  articles  by  ONR  Principal  Investigators. 

4.  The  field  of  earth  physics  has  benefited  from  a  number  of  recent 
projects  and  concepts  such  as  we  have  shovm  In  Figure  1.  A  few  comments 
should  be  made  about  several  of  the  Items  noted. 

a.  The  concept  of  plate  tectonics  has  evolved  Into  a  practical 
working  hypothesis,  supported  by  efforts  such  as  the  Deep  Sea  Drilling 
Project  (DSDP). 

b.  The  Vela  Uniform  program  developed  methodology.  Instrumen¬ 
tation,  and  education  In  seismology  that  have  found  current  use  In 
earthquake  studies. 


c.  A  "dry  DSDP"  project  is  currently  being  studied  as  a  potential 
national  program*  We  presently  know  more  about  the  ocean  crust  than 
continental  crust  from  drill  hole  sampling*  The  national  program  on 
continental  seismic  reflection  profiling  will  assist  In  location  of  deep 
continental  drilling  sites,  and  the  drill  hole  data  will  feed  back  to 
aiding  In  the  interpretation  of  seismic  records* 

d*  New  attention  to  energy  resources  has  resulted  In  advances 
In  geophysical  signal  processing,  satellite  remote  sensing,  and  Intensi¬ 
fication  In  studies  of  the  earth's  crust* 

5*  Figure  2  shows  some  of  the  activities  in  which  Code  463  parti¬ 
cipates  to  keep  current  In  earth  physics  programs  outside  of  ONR* 

6*  General 

1*  The  Earth  Physics  Program  has  the  basic  objective  of  supporting 
studies  of  the  physical  properties  and  processes  of  the  solid  earth, 
primarily  the  lithosphere  or  upper  100  km, as  they  impact  the  operating 
Navy  and  Marine  Corps*  Our  budget  for  FY  78  and  estimated  budget  for  FY 
79  are  shown  on  Figure  3* 

2*  The  three  principal  areas  of  focus  by  our  Program  at  present  are 
(Figure  4)  seismic  propagation,  earth/ocean  tides,  and  lithospheric 
studies*  Of  the  three,  lithospheric  studies  provide  important  input  to 
the  two  more  specific  areas* 

C.  Seismic  Propagation 

1*  Seismic  propagation  is  divided  into  two  projects,  hostile  weapons 
location  and  shallow  water  surveillance*  The  Principal  Investigators  In 
each  of  these  projects  for  this  year  are  shown  in  Figure  5*  Under 
shallow  water  surveillance,  one  Investigator  at  NOSC  is  working  directly 
on  this  project  with  a  Navy  objective  in  mind,  while  the  other  Investi¬ 
gators  are  providing  environmental  data  relevant  to  the  project* 

2*  The  objectives  of  this  area  are  listed  in  Figure  6*  These 
studies  are  unique  in  that  they  represent  attempts  to  exploit  seismic 
surface  wave  propagation,  along  with  possible  body  waves,  to  locate 
sources  of  seismic  energy  either  through  mechanical  coupling  or  transfer 
of  acoustic  energy  into  the  rigid  earth*  The  ranges  of  interest  are 
generally  less  than  100  km,  leas  that  typical  teleselsmlc  studies*  The 
value  of  using  3-component  geophones  as  sensors  has  already  been  demon¬ 
strated  in  shallow  water  and  on  land* 


3.  Some  of  the  highlights  of  the  hostile  weapons  location  project 
are  itemized  in  Figure  7.  New  data  processing  techniques  being  applied 
to  seismographs  from  a  155mm  howitzer  firing  have  successfully  located 
the  weapon  at  a  range  of  5  km  and  detected  the  weapon  at  1 1  km.  Records 
collected  at  a  range  of  17  km  are  yet  to  be  analyzed.  Various  modes  of 
propagation  of  seismic  energy  from  sources  are  being  exploited  for  their 
location  potential,  and  an  understanding  of  the  role  of  the  earth  as  a 
filter  will  enhance  the  development  of  appropriate  location  algorithms. 

A  Seismlc/Acoustlc  Passive  Surveillance  Workshop,  sponsored  jointly  by 
ONR  and  the  Marine  Corps  Development  Center  at  Quantlco,  VA,  on  7  and  8 
March  1978,  brought  about  60  investigators  together  from  many  military 
labs  and  research  organizations.  A  summary  of  the  Workshop,  along  with 
reports  describing  a  number  of  the  presentations  given,  will  be  distri¬ 
buted  in  early  May  1978.  Recommendations  have  been  made  to  the  Director, 
Marine  Corps  Development  Center,  to  redirect  the  exploratory  development 
effort  in  passive  surveillance,  and  to  the  Chief  of  Naval  Research  to 
provide  additional  basic  research  funds  necessary  to  focus  on-going 
mathematical,  statistical,  geophysical,  and  other  relevant  programs  on 
the  Marine  Corps'  passive  surveillance  requirements.  Coordination  of 
various  efforts  and  opening  of  communication  between  Investigators  were 
also  strongly  recommended. 

4.  Two  summaries  covering  the  subject  area  of  shallow  water 
surveillance  (Figure  8)  have  recently  been  completed.  One  of  these  was 
by  Underwater  Systems,  Inc.,  under  a  contract  from  the  Field  Projects 
Program,  ONR,  and  the  other  was  by  Bob  Urick,  Tracer,  under  support  from 
NRL.  The  NCSC  experiment  noted  in  Figure  8  represents  probably  one  of 
the  best  environmentally  monitored  field  tests  conducted  in  this  field. 
Funded  and  conducted  ^  NCSC  off  Panama  City  in  1976,  the  experiment 
collected  data  that  has  never  been  analysed.  At  least  a  small  segment 
of  the  data  should  be  studied  to  determine  how  this  experiment  may 
benefit  our  program.  Code  463  is  presently  coordinating  efforts  with 
NAVELEX  for  studies  being  conducted  at  NOSC. 

D.  Earth/Ocean  Tides 

1.  The  area  of  earth/ocean  tides  (Figure  9)  presently  involves  a 
one-lab  project.  The  objectives  of  this  area  (Figure  10)  are  in  harmony 
with  the  recognizable  deficiency  in  the  present  status  of  ocean  tide 
analysis  on  a  world  wide  basis  (Figure  11). 

2.  Among  the  highlights  of  this  project  (Figure  12)  are  the  favorable 

comparisons  between  tidal  gravity  inversion  predictions  in  the  Northeast 
Pacific  Ocean  and  bottom  pressure  measurements.  For  the  M^  (semi¬ 
diurnal  lunar)  component,  this  comparison  results  in  agreements  in 
amplitude  of  5  cm  and  in  phase  of  about  5  (20  min).  At  the  very 
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least,  100  deployments  at  optimal  locations  of  the  Geophysical  Ocean 
Bottom  instrument  (GOBI)  will  provide  mapping  comparable  to  the  careful 
deployment  of  300  bottom  pressure  sensors,  representing  a  considerable 
savings  In  time  and  cost. 

E.  Lithospheric  Studies 

1.  The  largest  area  of  focus  In  the  Earth  Physics  Program,  litho¬ 
spheric  studies  may  be  tentatively  broken  Into  the  three  sub-areas  shown 
In  Figure  13*  Our  support  of  geothermal  explanation  Is  small,  placing 
an  emphasis  on  studies  of  basic  geophysical  methods  for  geothermal 
explanation  at  Navy  bases  which  also  have  considerable  application  and 
Interest  to  civilian  projects. 

2.  In  general,  the  objectives  of  lithospheric  studies  (Figure  14) 
are  to  support  In  a  broad  manner  the  specific  areas  discussed  previously 
and  to  address  basic  research  that  we  feel  has  potential  future  applica¬ 
tion  to  the  Navy  and  Marine  Corps.  Some  of  the  highlights  of  this  area 
are  shown  In  Figure  15.  It  should  be  noted  that  previous  work  support 
by  Code  463  has  aided  In  the  identification  of  potential  geothermal 
resources  at  Navy  bases,  one  of  which  Is  Adak,  Alaska,  presently  being 
drilled,  and  another,  in  Oahu,  Hawaii,  will  be  drilled  In  about  October 
1978.  An  Important  activity  In  this  area  was  a  lithospheric  Workshop 
sponsored  by  ONR  and  held  In  Arlington,  VA,  on  15  and  16  March  1978. 

This  Workshop  brought  together  about  30  military  investigators  and 
program  managers,  along  with  several  ONR  Principal  Investigators,  to 
discuss  current  knowledge  of  the  electrical  properties  of  the  earth's 
crust  and  the  potential  for  lithospheric  communication.  A  summary  of 
this  workshop,  along  with  reports  from  the  presentations,  will  be 
distributed  In  early  May  1978.  An  active  program  of  theoretical  studies 
and  applied  laboratory  and  field  research  was  recommeded  In  this  subject 
area. 

F.  Conclusions 

1.  The  Earth  Physics  Program  supports  studies  of  the  physical 
processes  and  properties  of  the  solid  earth,  with  focus  on  funding  of 
projects  having  potential  for  Navy  and  Marine  Corps  applications. 

2.  As  projects  develop  strong  Interest  and  endorsement  from  labs 
and  systems  commands,  specific  attention  will  be  given  with  the  goal  of 
transferring  the  technology  to  exploratory  development.  This  attention 
will  include  funding  of  relevant  basic  research  In  the  subject  area, 
providing  consultant  expertise  from  the  basic  research  community  to 
specific  experiments  and  field  tests,  and  to  coordinate  diverse  efforts 
concerning  the  subject  to  assure  continuity,  filling  of  technology 
gaps,  and  timely  transfer  of  technology. 
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3.  The  Earth  Physics  Program  will  retain  Its  broad  cognizance  of 
this  dynamic  area  by  participation  In  many  coordination  activities 
throughout  the  relevant  government,  academic,  and  professional  groups# 


EARTH  PHYSICS  -  RECENT  EVOLUTION 


EARTH  PHYSICS  COORDINATION  ACTIVITIES 
Seismic/Acoustic  Passive  Surveillance  Workshop  (with  Marine  Corps 


Figure 


EARTH  PHYSICS  PROGRAfi 


Figure  ^ 


SEISMIC  PROPAGATION 


Figure  5 


SEISMIC  PROPAGATION  OBJECTIVES 


Figure  6 


Figure  7 


SHALLOW  WATER  SURVEILLANCE  HIGHLIGHTS 


Figure  8 


Figure  9 


EARTH/OCEAN  TIDES  OBJECTIVES 


Figure  10 


Figure  11 


Continental  Crustal  Studies  ($133K) 


Keller  -  Colorado  School  of  Mines 

LeShack  -  Development  and  Resources  Transportation  Company 

Figure  13 


LITHOSPHERIC  STUDIES  OBJECTIVES 


Figure  15 


Geography  Programs 
European  Activities 

H.  Dolezalek^  696-4025 
ONR  Code  462 
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If  ve  vant  to  create  and  caintein  a  sufficient  degree  of  preparedness 
for  the  case  of  a  conventional  war,  we  must  concentrate  oxir  ability 
to  assess  and  predict  one  of  the  basic  military'  decision  factors, 
that  of  the  en'/lrcrmxent ,  on  the  danger  areas  of  the  world.  Europe  is 
such  an  area  (figure  l),  Coastal  and  shallov-vater  conditions  are 
different  in  mary'  ways  from  those  found  on  our  shores.  At  the  same  time, 
the  native  research  situation  there  calls  for  cooperation,  but  the 
defense  aspect  is  still  undeveloped.  Our  partners  in  cooperation  will 
be  mostly  civilians  and  civilian  institutions,  just  as  it  is  in  the 
United  States,  Cooperation  is  being  established  both  bilaterally 
and  multilaterallj'.  Based  on  our  experience  in  former  contacts,  we 
expect  to  obtain  much  new  hnowledge. 

One  way  to  obtain  such  cooperation  is  by  inviting  interest  in  existing 
political  and  scientific  institutions,  both  international  ones  and 
national  ones. 

Within  ItATO,  we  have  contact  with  several  bodies  (fig\ire  2),  Within 
its  military  structure,  official  negotiations  have  been  established 
with  both  Panel  I  and  Panel  III  of  the'Defence  research  Croup,  Within 
NATO’s  civilian  side,  our  contacts  are  with  the  Science  Committee 
and  its  Air-Sea  Interaction  Panel. 

Under  Panel  I,  a  Long-Term  Scientific  Study  with  the  title  "Ixsng-Term 
Prospects  for  the  Prediction  of  Coastal  Conditions  for  ^5ilitary 
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Operations”  has  been  negotiated  In  due  course  and  established  (figure 
3).  Its  so-called  Multinational  Exercise  vill  take  place  in  September 
on  an  island  in  the  North  Sea,  Nine  countries  and  several  IiATO 
agencies  are  involved.  The  study  vill  be  based  on  six  military 
scenarios  in  the  European  Area,  that  is  six  types  of  military  coastal 
or  shallov-vater  operations  taking  place  at  various  types  of  coast 
typical  for  Europe  (figures  and  5)-  Then,  the  environmental  processes 
vill  be  investigated  as  to  the  state  of  art,  expected  development  and 
recommendations  for  related  research.  The  outcome  is  expected  to  be 
a  document  vhich  declares  in  detail  the  interest  of  ilATO  in  this  t>pe 
of  research.  On  this  basis,  further  cooperation  vill.  then  be  initiated. 

We  have  already  begun  to  generate  interest  in.  such  cooperation  by 
asking  the  civilian  1L4T0  Science  Committee  to  look  into  the  feasibility 
of  having  a  shallov-vater  oceanographic  experiment  vhich  includes 
all-weather  maritime  remote  sensing  in  the  North  Sea  area  (figure  6). 

Such  an  experiment,  called  MARSEN,  has  then  been  launched  by  a  leading 
scientist,  in  Europe,  Professor  Hasselr.ann  (figure  7).  It  is  scheduled 
for  the  fall  of  1979  and  in  the  present  stage  of  planning  involves 
about  thirty-five  groups  from  eight  countries.  The  area  of  the  Experi¬ 
ment  is  the  South  Eastern  North  Sea  (figure  8)  vith  groiind  based 
stations  on  various  islands  such  as  Sylt  (5*'°^5*  to  55'’3’  N  and  8°15'  to 
8°E5'  E),  Helgoland  (5l*°10'  N  and  7'’55’  E),  and  Norderney  (53°>^0’  N  and 
7®10’  to  7°20'  E),  research  platforms  such  as  the  Nordsee  Tower  ( 5*^°^3 '  N  and 
7°10’E)  in  30  a  of  voter,  80  km  from  the  nearest  shore,  equipped  vith  living 
quarters  and  laboratories  and  a  permanent  crew,  and  the  Noordwijk  Tower 
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(about  52°8'  !t  and  E)  in  20  meters  of  vater,  about  10  kilometers 

from  the  Dutch  coast;  similarily  equipped  end  a  variety  of  other  surface 
truth  stations.  There  vill  be,  in  addition,  boats  and  buoys  and 
aircraft  and  the  satellites  overhead. 

ONR  is  not  involved  in  this  experiment  in  any  direct  vay,  but  we  intend 
to  support  individual  researchers  if  they  ccne  with  a  good  proposal. 

We  hope,  however,  to  benefit  from  it  (figure  9)  in  improved  capabilities 
and  scientific  knowledge  in  remote  sensing  and  shallow-water  oceanography* 

Future  Satellites 

Of  oiir  various  bilateral  interests  with  individual  European  nations, 

I  want  only  to  mention  that  a  mtiltitude  of  Ilor'-egian  institutions  and 
scientists  with  whom  we  established  contacts  during  our  NATO  ei  i’orts, 
has  approached  us  and  other  US  agencies  to  obtain  cooperation  in  their 
NORSEX  1979  Experiment  (figure  lO).  The  Coastal  C’urrent  Project 
within  ilORSEX  is  interested  in  frontal  mixing  processes  so  tj-pical 
for  the  IJorwegian  Coastal  Region,  end  it  will  apply  a  large  variety 
of  methods. 

These  are  some  of  the  main  efforts  under  way  now  (figure  11 ),  but  there 
are,  of  course,  always  occurring  additional  cooperative  discussions, 
activities  end  exchanges  in  much  greater  number  than  I  could  present 
to  you  here. 
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^wegian  Sea  Experiment  **  One  out  of  three  NORSEX  Projects 


Defense  Research  institute  on  Underv/ater  Sound  and  Geophysics ,  Kiel 


KSSEAltCS  PLAMNIHS  SUMMARY 

t-  OAtv  or  tORMwaAv 

MAY  1977 

Ripo^tr  cofifT/ioi  3W/;o;  | 

1 

RifAw  o*  tUMMAnv  A-  WCVCk  0^  lUMHAMV 

Chance  JlT'tE  '1976  Project 

«.  HCSAAOINO 

CROUP 

AQOMtA  AA90AAM  CwYmAmT/PAOJBCV  ‘  TAM  AABA  HUMBIA 

61153N  RR  032-05 

TiYt.*  fPpvcW*  witii 

(U)  Arctic  Research 

I*.  boo  OAOARiilAyiOK 

•“«  Office  of  Naval  Research 

«Bo»«  Arlington,  Virginia  22217 

Mr.  R.  K.  McGREGOR 
(202)  692-4118 

JAN  1951 

II.  COMPtKTiOM  OATI 

N/A 

li. 

•IIIOUlICBf 

tiriMATB 

•*  MOT*! 
MUNM 

1  or  punOI 

On  cony AA<  t/ 
CAANT  r AC4AAHI 

77 

3750 

100 

MOAtT  ft  7fi 

-,4240 

ICO 

2JDAIT  M  yg 

nidlE 

100 

It  BAATlCl*«T<OM 

N/A 

!•  ici.-v.iii/ttc-ic*, i«»»  000100  Acoustics;  005900  Environmental  Biology 
012800  Physical  Oceanoaraohv;  015309  Snow,  Ice,  and  Permafrost 

ly  TwKoua*« 


17.  (U)  Objective  and  Approach.  To  provide  knowledge  of  the  spatial  and  temporal  varia¬ 
tions  of  the  dynamic  environmental  processes  which  occur  in  the  Arctic  Ocean  and  marginal 
ice-covered  seas.  Such  knowledge  together  with  predictiv'e  equations  based  on  fundamental 
physical  theories  when  given  to  operational  agencies  will  allow  forecasts  of  the  fol- 
jlowing  phenomena:  weather,  ice  drift,  ice  thickness  distribution,  acoustic  propagation 
Moss,  ambient  noise,  volume  reverberation,* stability  of  permafrost,  coastal  erosion, 
jocean  dynamics  and  bottom  sediment  characteristics.  Man's  performance  in  cold  environ¬ 
ment  is  also  investigated;  however,  emphasis  is  on  physi-tal  environment  of  the  ice- 
jcovered  ocean.  Field  experiments  which  gather  data  are  compared  to  models  developed 
|from  basic  theory.  The  field  work  is  supported  by  the  Naval  Arctic  Research  Laboratory, 
(Barrow,  Alaska  which  establishes  the  required  camps  on  d'ifting  ice,  coasts  or  inland 
land  utili7es  such  bases  as  N'ord  and  Alert  as  required.  The  entire  research  program  is 
(relevant  to  submarine,  surface  effects  vehicle  and  aircrafi.  operations;  placement  of 
'shore/offshore  installations;  communications;  surveillance;  weapons  development  to  search 
land  rescue,  and  remote  sensing. 

[18.  (U)  Plans.  To  continue  the  basic  program  which  includes;  sea  ice  physics,  energy 
■exchange  processes,  acoustic  propagation,  ice  production  and  drift,  oceanography,  geo- 
iphysics,  meteorology,  coastal  processes  and  cold  climate  physiology.  Acoustic  energy 
itransmission  continues  to  be  important  but  the  focus  is  shifting  toward  an  understanding 
of  the  character  and  variability  of  the  medium  (water,  ice, sea  floor).  Numerical 
modeling  (ice,  ocean)  validation  and  remote  sensing  will  continue.  Collection  and  analy¬ 
sis  of  ambient  noise  phenomenon  in  the  Arctic  Ocean  ice  oack  and  marginal  ice  zone 
commenced  in  MAR  75  will  continue.  Scientific  program  shifting  toward  eastern  Arctic. 
'Investigation  of  East  Greenland  current  to  commence.  Technology  transfer  via  the  N.P. 
^School  to  the  fleet  will  accelerate.  An  acoustic  reverberation  experiment  is  planned 
/in  the  Canadian  Basin. 

1 19.  (U)  Progress  and  Accomplishments.  Architectural  and  engineering  studies  for  conver- 
ision  of  BUi’.TuN  1SD(ND  have  been  completed.  Established  i  chair  in  Arctic  marine 


sciences  at  the  N.P.  School.  Aercmagnetic  surveys  of  th ;  Arctic  and  delineation  of  the 
geophysical  fabric  continue.  Determined  that  sea  ice  is  a  highly  permeable  medium  for 
gases.  Samples  cf  the  Arctic  haze  layer  confirm  that  it  is  dust  from  the  Asian  deserts. 
AidjeX  data  have  permitted  description  of  the  lateral  vaciation  of  oceanographic 
features  over  a  full  year  in  the  Beau'ort  Seas.  A  coope-ative  under  ice  program  with  a 
Britisn  subinarine  and  Canadian  plane  was  successfully  executed  to  determine  relationships' 
between  top  and  bottom  side  roughness.  A  creatlv  imorovei  numpriral  mndal  hac  hoon 


157 


^tiECSDlMi  PAOS  BUNK-NOT  FUlIOIS 


1/.  ?t)N£'LASSIFIED)Objecti ve  and  Approach.  Environmental  factors  and  thetr  effects  on 
Naval  operations  wiiich  must  exist  in  their  presence  are  researched.  The  objective  is  to 
provide  quantitative  descriptions  of  these  phenomena  anJ  of  their  collective  influence 
upon  the  effectiveness  of  naval  operations.  This  knowl  dge  will  allow  navy  planners  to 
evaluate  alternative  naval  responses  to  anticipated  con.'licts.  Phenomena  such  as  under¬ 
water  explosion  effects,  acoustic  signals,  seismic  signals,  airblast,  ground  shock, 
slectrcmagnetic  radiation,  nuclear  particles  and  thermal  radiation  are  studied.  Applica¬ 
tions  include  prediction  of  damage  to  ships,  aircraft  a  id  fixed  installations  from  nu- 
;  clear  explosions;  surveillance  of  clandestine  nuclear  e..plosions;  diasnostics  of 
!  nuclear  bursts;  prediction  of  effects  of  electromagnetic  pulse  (EMP)  from  high  altitude 


j  nuclear  explosions  on  aircraft,  ships  and  shore  installations,  ! 

M8.  (UNCLASSIFIED)  Plans  FY-78.  Emphasis  will  continue  on  naval  system  vulnerability  to) 
I  nuclear  burst  effects.  Investigation  of  the  optical  delection  of  sound  and  of  the  detec-. 
1  tion  and  classification  of  underwater  nuclear  explosion.,  by  instruments  on  a  single  ship  ’ 
jwill  be  continued.  Oenionst>'ate  feasibility  of  sound  defection  by  optical  fiber  sensor  f 
I  system.  Complete  study  of  effects  of  explosion  generated  waves  on  Surface  Effect  Ships.  1 
I  Theoretically  determine  feasibility  of  sub  to  aircraft  communication  at  ULF  in  tactical  I 
I  Situations .  Plans  FY-79.  Investigate  the  effects  of  the  arctic  environment  on  nuclear  ! 
weapons  phenomena  and  on  their  operational  use.  Plan  test  of  ULF  submarine/aircraft  i 
communications.  Continue  investigation  of  single  point  detection  of  underwater  nuclear  j 
explosions  by  reverberation  analysis.  Continue  studies  of  vulnerability  to  nuclear  1 

bursts  of  new  naval  platforms,  new  systems,  and  systems  in  new  strategic  or  tactical  ! 

situations.  ( 

19.  (UNCLASSIFIED)  Progress  and  Accomplishments.  Feasibility  of  holographic  radio  ! 
camera  demonstrated.  Correlation  of  ELF  fading  with  precipitating  energetic  particles  ! 
shown.  Investigation  of  pre-attack  alternatives  to  ELF  communications  to  FBM  submarines  ? 
completed.  Aircraft  to  submarine  communication  in  tact  cal  situation  at  ULF  theoreti¬ 
cally  determined.  Fiber  optic  detection  of  hydroacoust'c  signals  demonstrated.  ' 

,  Dynamic  sizing  of  hydrophone  arrays  shown  to  effect  imp-ovement.  : 


17.  (Unclassified)  Oti.lective  and  Approach.  Adequate  j.hysical  environmental  data  must  b 
available  for  all  geographic  areas  In  which  naval  and  1‘arine  Corps  operations  might  take 
place.  Knowledge  of  coastal  environments  and  processe::  must  be  Increased  continually  so 
accurate  descriptions  and  predictions  can  be  made.  Re.iable  environmental  data  mutl  be 
acquired  rapidly  by  improved  field  survey  or  remote  sensing  methods;  and  new  techniques 
are  needed  to  assure  that  the  full  information  content  of  imagery  and  surv.-y  data  is 
quickly  and  accurately  interpreted,  analyzed,  stored,  i.nd  displayed  in  useful  foms. 
Information  obtained  from  field,  theoretical,  and  laboratory  studies  is  used  by  the 

and  Marine  Corps  in  planning  and  conducting  amphibious,  shallow  water,  riverine  and 
charting  operations,  mine  placement  and  detection,  si;rvelllance  and  recon.naissance ;  aid 
In  weapon  selection,  target  identification  and  deploymi.nt  of  forces. 

18.  (Unclassified)  Plans .  Flnphasis  will  be  on  InterdisclpJinarj'  studies  of  hy(irodyu,’'i 
atmospheric,  and  morphological  parameters  of  nearshore  and  inner  shelf  coastal  enviren- 
meets,  identifying  significant  physical  processes,  relating  the  pi’ocesses  and  t!.e:r 
rates  of  change  to  total  energy  regimes,  defining  the  Important  properties  tliut  must  be 
monitored,  and  correlating  these  properties  with  their  expression  on  reniete  sensing 
records.  Coastal  data  management  efforts  will  focus  on  linkage  methods  botwern  remote 
sensors  and  data  bonks  and  on  techniques  of  data  compaction  and  display. 

19.  (Unclassified)  Progress  and  Accomplishments.  Much  progress  has  been  made  in  ]n'c-- 
dictlon  of  current  fields  In  coastal  and  shallow  shelf  regions.  In  nreas  near  latitude 
30“N,  where  inertial  currents  have  the  same  period  as  :he  diurnal  tide,  it  has  been 
found  that  strong  inertial  currents  result  from  atmospheric  forcing  rather  than  from 
resonance  with  the  tide  and  such  currents  are  easily  modeled.  Studies  oi'ound  islands 
have  shown  the  presence  of  clockwise  currents  of  unknown  origin  oroxind  certain  islands; 
the  resulting  distortion  of  the  gross  current  field  around  Islands  has  been  showp  to 
follow  a  simple  analytical  model.  Bnportant  new  understandings  hav<;  been  gained  of 
tiie  response  of  shallow  shelf  waters  to  intrusive  cold  air  masses;  the  time  and  Spa.  c 
scales  of  this  response  have  been  extensively  measured  in  a  r.iado>"  experiment  off  the 
nortli  western  coast  of  Florida.  Research  in  the  nears  .ore  zone  has  slio'.m  that  whereas 
edge  waves  are  often  an  important  factor  in  determinin  nearshore  sediment  trancpoi  L 
and  bar  formiation/mlgratlcn,  edge  waves  are  of  no  impo -tance  in  high  wave  energy  coustu' 
artno.  A  prototype  coastal  information  system  has  bee  .  incorporatcvi  into  the  Ship" 
Analysis  and  Retrievevl  Program  of  the  Navy  Ship  ReseoTv.h  and  Development  Center,  allow- 
iiig  l.’avy  users  to  quickly  locate  many  available  source;  of  pf.ysical  pnriL'.ietor  mc.Tsu’'e- 
mentn  and  information  for  a  wide  selection  of  coastal  '.egions.  Tl;e  feasibility  of 
using  Raman  spectroscopy  t.cchnlques  for  the  remote  mea.^urement  of  three  dimensional 
temperature  and  density  fields  in  coastal  waters  has  b.,'en  shown. 
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17.  (Unclassified)  Objective  and  Approach.  To  solve  naval  problems  created  by  the 
earth  (e.g.  earthquake  risk  at  naval  bases);  to  predict  earth  behavior  important  for 
naval  operations  (e.g,,  tides;  rotatlona)  rate  as  it  influences  navigation  and  guid¬ 
ance);  to  meet  naval  needs  by  using  earth  resources  and  properties  (e.g.,  geothermal 
energy;  seismic  or  electrical  propagation  characteristics);  and  to  use  the  earth  as 
part  of  new  operational  systems  by  developing  an  intimate  understanding  of  the  behavior 
of  physical  fields  in  earth  materials. 

18.  (Unclassified)  Plans.  To  study  crustal  properties  in  both  the  field  and  labora¬ 
tory;  to  develop  an  ability  to  predict  deep  ocean  and  coastal  tides  without  the  need 
for  tide  gauges;  to  evaluate  geothermal  resources  for  naval  use;  to  provide  an  improved 
knowledge  of  the  earth  s  gravitational  shape  and  rotational  behavior;  to  develop  an 
improved  understanding  of  crustal  properties  and  conditions  (e.g.,  porosity,  fl'.jld 
content,  temperature,  strength,  stress,  lithology),  and  to  study  the  electrical  and 
seismic  characteristics  of  the  crust  as  a  propagation  medium  applicable  to  communica¬ 
tion  and  the  detection  and  location  of  hostile  weapons  or  vehicles, 

19.  (Unclassified)  Progress  and  Accomplishments.  New  and  sophisticated  software  is 
under  development  for  the  location  of  hostile  artillery  by  seismic  means  to  evaluate 
the  potential  of  this  method;  a  new  technique  has  been  developed  to  evaluate  the 
amplitude  and  distribution  of  sea  state  and  waves  at  sea;  considerable  progress  is 
being  made  in  the  evaluation  of  earthquake  mechanisms  in  the  vicinity  of  the  active 
Aleutian  Trench  and  subduction  zone;  a  new  potential  geothermal  resource  center  has 
been  located  in  the  Koolau  caldera  on  the  Island  of  Oal.a,  Hawaii;  a  500  page 
Monograph  on  "The  Earth's  Crust"  (Its  Nature  and  Physical  Properties),  sponsored  and 
edited  by  Code  463,  will  be  published  in  August,  1977  ly  the  American  Geophysical 
Union;  and  progress  is  being  made  in  evaluating  the  ph) slcal  characteristics  of  the 
earth's  crust  for  various  operational  purposes. 
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